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LETTER OF TRANSMITTAL 



To Hon, Frank White, Governor of North Dakota, and the Honor- 
able, the Governing Board of the Agricultural College Surz^cy of 
North Dakota: 

Sirs: I have the honor to present herewith the second biennial 
report and accompanying papers of the Agricultural College Survey 
of North Dakota, including the work of administration and the 
field operation for the biennial period of Nineteen Hundred and 
Tlirce and Nineteen Hundred and Four. ^Iv connection with the 
Survey as director dates from the first day of April, Nineteen Hun- 
dred and Three, on which day the duties of instructor in the Agri- 
cultural College w-ere assumed, and therewith, as required by the 
law organizing the Survey, the duties of Director of the Agricul- 
tural College Survey of the State. 

The organization and administration of the Survey had been so 
w^ll done by my lamented predecessor, the late Professor Charles 
H. Hall, that the successful progress and carrying forward of the 
work seemed but to require the continuation of the plans w^hich 
had been outlined and the carrying on of the work which had been 
begun. 

As agriculture is now and seems destined by Nature to be an 
industry of unequalled importance, in this state the vital value and 
importance of a survey having the varied phases and departments 
of agriculture for its aim and puriK)se would seem to be apparent. 
Recognizing the importance of a scientific study of those subjects 
most fundamentally connected with agriculture, the Seventh Legis- 
lative Assembly authorized such a survey, and by the provisions 
of the act of organization constituted you its guardians and sponsors. 
Acting under your authority, therefore, I pre?jnt you herewith a 
report which attempts to show what work has been undertaken, 
and the needs of the survev in order that its usefulness mav be 
enhanced and realized. 

Your honorable attention is respectfully called to the great dis- 
crepancy between the amount appropriated by the state for this 
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co-operative survey and that expended by the federal government 
for surveys within the limits of the state, the latter being fully five 
times the amount of the former. Attention is thus particularly 
directed to this fact because it has been adopted as the working 
policy of the general government to expend money for surveys in 
those states where monev is also furnished for such survevs bv the 
state, and it is the policy to expend an amount equal to that ex- 
pended by the state. It is therefore obvious that it is greatly to 
the financial interest of the state to meet the cordial co-operation 
offered by the federal government with a fair consideration. In 
the following pages of the administrative report the needs of the 
different divisions represented by the survey are set forth, and a 
careful consideration of the facts is earnestly requested. 

Very respectfully yours, 

Daniel E. Willard. 

Director. 
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THE SECOND BIENNIAL REPORT 

OK THE 

AGRICULTURAL COLLEGTC SURVEY 

OF NORTH DAKOTA 



i;Y DANIKL K. WILLARD, DIRFX'TOR. 

Plan and Pui'lyosc of the Surrey. — The purpose of the Agricul- 
tural College Survey is indicated by the title of the law organizing 
the survey, viz : *'An act authorizing the board of trustees of the 
North Dakota Agricultural College to co-operate with the I'nited 
States Federal Surveys, organized under the department of the in- 
terior of the United States, in completing a topographic, agricultural 
and geological survey as related to agriculture, together with an 
economic map of North Dakota, and making an appropriation there- 
for." 

In a state in which the welfare of so great a percentage of its citi- 
zens is (Hrectly related to agriculture it is of the greatest impor- 
tance that every aveime leading to the more jx^rfect development of 
the resources of soil and water sup].)ly should be followed up. The 
Agricultural College and ExixTiment Station is a natural center 
from which many im]K>rtant investigations, touching upon the va- 
rious phases of agriculture, would take their origin. The relations 
of the structure of the earth below the surface to the water supply 
and the rock-character of the soils to crop j^roduction are such that 
the investigations of the biologic, chemical and agricultural divisions 
of the experiment station must necessarily be intimately associated 
with the work of a geological survey. 

Organization and H'orking Methods. — While in its character the 
Agricultural Collejj^e Survey is co-operative with the United States 
Federal Surveys, yet it is independent in the management of its 
finances. For all exjKnditures for subsistence in the field, salaries 
for services or the purchase of materials sub- vouchers arc taken, fol- 
lowing the very accurate and perfect system employed by the United 

Agr. Col. Surv.— 2 
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States (icological Survey in the management of its field expenses. 
An itemized statement of all expenditures is made at intervals to the 
auditing member of your hr)norable board. 

In the management of expenses incurred in connection with the 
federal surveys no accounting is made to the state, but is made 
directly to the federal authorities at \Vashingtt»n. In the conduct 
of the toi)Ographic surveys, the soil survey and the areal geology 
and under-ground water investigations all expenses are paid direct- 
ly from Washington, excei)t in the case of as-^isiants nn the soil sur- 
veys who arc sent and paid by the state. 

The Death of Professor Hall. — The untimely death of the late 
Professor Charles M. Ilall, under whose direction the Agricultural 
College Survey was organized, was a great loss to the Agricultural 
College and the state. However the work of the Survey had been 
so well organized and the plans for the work so systematically made 
that it was possible for the work to be taken uj) with the least pos- 
sible delay and loss. 

The writer assumed charge of the work of the Survey on April 
1, 190:1. At this season of the year the summer's campaign i»f field 
operations is about beginning, and therefore it was necessary to en- 
ter at once upon the pref)aration of plans for active work in the 
field. Xo funds were available for the work at this time,'as the ap- 
propriation for the j)resent biennial ix*riod did not l)ecome available 
till Tulv 1st of that vear. However, funds were advanced by friends 
of the college, so that active preparations for work in the field were 
at once begun. 

Field Operations, Season of 11)0;5.— During the summer of 1903 
field oi>erations were conducted under four divisions, viz., soil sur- 
vey. toi)ograi)hic survey, areal geology and underground waters, 
and a survey of the coteaus of the Missouri. The character of 
these survevs is shown in the accomi)anying detailed rei)orts of field 
operations. 'J'hey are briefly menticMied here as follows: 

Sail Surrey.— y\v. Thomas A. Caine anrl Mr. A. K. Koclier, 
trained soil specialists, were sent by Hon. :\niton Whitney, chief of 
the bureau of soils, Washington, to make a detailed study of the 
soils in such part of the stale as should be desired by the geolop^ical 
department of the o»llege. The territory selected was a belt, two 
townships in width, extending from the Red River of the North at 
Far"-!) westward to the highland adjoining the Red River valley at 
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Buffalo, and the same two tiers of townships from the Sheyenne 
river at Valley City westward to the highland of the Missouri pla- 
teau west of Jamestown. This belt, extending as it does across 
nearly one-third of the width of the state, crosses every important 
type of soil in this portion of the state. The soil types in North 
Dakota lie generally in tracts extending north and south. Thus 
this east-and-west belt crosses nearly all the types, among which 
types may be noted from east to west the following": The fine silt- 
like *gumbo' soils near the Red River of the North; the exceed- 
ingly fertile and level lake bottom soils from the Sheyenne river to 
Casselton and westward ; the alternating sandy ridges and depres- 
sions about Wheatland, and the rolling prairies to the westward : at 
Valley City the bottom lands and terraces of the Sheyenne valley ; 
the well-defined morainic hills with interspersed alkaline lakes and 
glacial drainage channels, l>etween the valleys of the Sheyenne and 
the James rivers ; the James valley sands and gravels ; and the high 
plateau lands west of Jamestown. 

Mr. Caine spent the entire season from April till Octol>er study- 
ing the soils of this region and preparing a map of the same. Mr. 
Kocher was engaged in the state during three months, from July 
till October. The report by Mr. Caine will soon be published by 
the Department of Agriculture, together with a colored map show- 
ing the different soil types. Through the kindness of Mr. Whitney, 
chief of the bureau of soils, advance proof sheets of Mr. Caine's re- 
port have been furnished for this report, and it is given with the ac- 
companying papers. 

During the first half of the season the state furnished an assist- 
ant to Mr. Caine, the salary and expenses of this assistant being the 
only expense to the state incurred in this survey. 

Area! Gcoloiry and Under ;^round Waters.— \n co-operation with 
the United States Geological Survey, Division of Hydrography, 
important progress has been made in the preparation of a geologic 
map of the state and the determination of the underground water 
resources. This is thought to be one of the most valuable lines of 
research that has been undertaken, its results the most important 
and far reaching. 

- The significance of the geology, of the surface of the earth as de- 
termining the fertility and value of the soil is coming to be more 
fully recognized each year as investigations of this character are 
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carried on in different parts of the United States. It is only possi- • 
ble to present with this report an incomplete description of the re- 
sults that have been accomplished in this state in these investiga- 
tions. . The results are IxMug elaborated and will be published with 
full descriptive text and colored maps in folios of the Uniteil States 
Geological Survey. Portions of the text of the I'argo-Casselton 
folio, now in press at Washington, arc by permission of the authori-. 
ties of the federal surveys included in the acc<jmpanying papers of 
this report. Some of the results also of the un<lorground water in- 
vestigations in the territory embracing all or portions of the coun- 
ties of Casif, Barnes, Stutsman, Richland, Ransom. Sargent, I-a- 
Moure and Dickey are included in the accomj^anying report. 

Topographic Sunry, — During the summer f>f IIH).') a survey 
was made by the United States Cleological Survey ior the purpose 
of establishing primary control ])reparatory to the detailed topo- 
graphic survey on the two (luadrangles lyinj^ north of the Fargo 
and Casselton quadrangles. The completed topographic map of 
these areas will be made another season. After the topographic 
survey has been completed the areal geolngy atid underground 
water investigations will follow. 

Sitn-cy of the Voteaits of the Misouri. — The .\griculiural Survey 
has undertaken the completion of an important bit of mapping in the 
western portion of the state in the region known as the coteaus of 
the Missouri. 

The coteaus are really glacial, or morainic, hills, and constitute 
the outer of the series of terminal moraines which were formed at 
the edge of the great ice sheet during the cl(jsing stages of the glacial 
period. The hills in this region form a portion of a vast system 
w^hich extends from far north and west in Canada in a southwest- 
erlv direction across North Dakota and South Dak<»ta. thence in a 
generally easterly direction across the continent to the Atlantic 
ocean. 

No accurate ma]) of that ])ortion of this great moraine lying in 
North Dakota north and west of the main line of the Northern Pa- 
cific railway between Jamestown and r»ismarck to the international 
boundary at the northwest corner of the state has ever been made. 
More or less detailed and complete maps of this great moraine have 
been mado in other states, but not Ix'forc in North Dakota. 
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This region embraces one of the great grazing domains of the 
state. The systenv of morainic hills and attendant deposits within 
the state embrace an unmapped tract varying from twenty to fifty 
miles in width and 200 miles in length. This region has within the 
past few years been in part occupied by settlers who desire to pur- 
sue general farming. A large part of this great tract is still open to 
homestead entrv. Considerable tracts of these lands are better 
adapted to grazing than to general farming. 

The survey had a twofold purpose in undertaking the preparation 
of an agricultural-geological map of this portion of the state. First, 
it was deemed of great importance to the state that the character 
and adaptability of these lands to farming and grazing should be 
made known, for the Ix^ncfit of liomcseekcrs and in the general in- 
terest of the development of the resources of the state. Second, it 
seems highly desirable that a map of the portion of the great conti- 
nental moraine lying within the territory of North Dakota should be 
systematically and correctly mapped. All other portions of this 
great moraine have been mapped, from the Missouri river in South 
Dakota to the Atlantic ocean. Accordingly what has been called an 
agricultural-geological survey has been undertaken, and a party con- 
sisting of four men was placed in the field in July, 1003. IMinot 
was the railroad point from which operations were conducted, and 
a field camp was first established about thirty miles south by south- 
west of Minot, in township 152, range '*>!. The i)arty consisted of 
the director, two assistant geologists, a soil specialist, and Tor a part 
of the time a biologist, who gave attention to the native grasses of 
the region. A map showing the area surveyed and a descriptive 
report of the investigations made will be found with the accompany- 
ing papers of this report. 

Biological Survey. — A biological survey of the state was contem- 
plated in the organization of the Agricultural College Survey, the 
purpose being to make a thorough and systematic study of the native 
grasses and other useful and injurious plants, and to determine as 
far as practicable the value and detriment respectively of these. The 
study of the native plants gives a key to the cultivated varieties that 
can be best grown under given conditions of soil and climate. The 
plants of any region are so intimately associated with the soil and 
other geologic conditions that a biological survey and a geological 
survey naturally supplement each other. 
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The limited funds available for the work of the Survcv has ren- 
dered it impracticable to do anything more than the merest prelimi- 
nary work looking toward the ultimate completion of the biologic 
division of the economic map of the state. 

Progress in the Division of Chemistry. — Owing to the limited 
finances it is possible to report only a comparatively small amount 
of progress made in the chemical investigations of the waters and 
the soils of the state in proportion to what the importance of the sub- 
ject demands. What has been accomplished has lx?en through the 
chemical lalx^ratories of the college and by those regularly engaged 
in chemical work, under the direction of Professor E. F. Ladd. 
Owing to the large demands ui)on Professor Ladd's time for other 
chemical investigations and to the crowded condition of the college 
laboratories, it has been imf)racticable to attempt the systematic 
classification and analysis of soils anrl waters that had been con- 
templated. 

FIELD OPERATIONS, VMH, 

Soil Survey. — ^During the season of 11)0 1 a very thorough and de- 
tailed soil survey was made in southern Towner county, Cando be- 
ing headquarters for the party. Two experts were sent from the 
Department of Agriculture, bureau of soils, on July 1st, and they 
spent the months of July, August and Septemlx^r in this field. An- 
other survey was made hi Ward county, near Minot. by a soil stu- 
dent from the college. Reports of these surveys accompany the 
present report. 

The survey in Towner county was conducted by Mr. E. O. Fippin 
and Mr. J. L. Burgess, trained soil specialists. In order to facili- 
tate the work and give the state the largest possible Ix^nefit of the lib- 
eral treatment extended by the federal authorities, two assistants 
were sent from the college, thus making it possible to extend the 
investigations over a larger territory than would otherwise have 
been possible. Two parties or sections were organized for the con- 
duct of the field work, a specialist and an assistant constituting each 
party. 

The only expense incurred on the part of the state for this work 
was the salary and expenses of the two assistants, all expenses for 
livery services for both parties being borne by the bureau at Wash- 
ington. 
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A survey covering an area of two townships situated near Mi- 
nor in Ward county was made by Mr. Rex E. Willard. This sur- 
vey was undertaken because of the importance of this region as a 
iijewly-developed agricultural region. The territory selected lies 
in part on the bottom of ihe ancient glacial L^ke Souris and in part 
on the higher land which bordered the lake on the west. 

Arcal Geology and Underground I Voters. — During the sunnner of 
1904 the investigations which w^ere in progress during the preced- 
ing season were continued under the auspices of the Division of 
Hydrography, United States Geological Survey. The detailed study 
of the Eckelson quadrangle, lying between X'alley City and James- 
town, was carried on by the writer and ]\lr. II. V. Hibbard. A full 
report, including colored maps and descriptive text, will be publish- 
ed by the United States Geological Survey as a folio. 

Si<?iry of the Cotcan of tlic MissoNri. — 'i'he survey in the coteau 
region, commenced in li)0;3, was continued in 1901, as much being 
done as the funds available would allow. It was necessarv to dis- 
continue the work in this field before the close of the seaosn owing 
to the fact that the funds had lx?en exhausted. 

During the seasons of 1S93-4 an extent of territory embracing 
about sixty townships has been mapped, and a map of the region 
traversed, and a descriptive report on the character of the lands 
accompanies this report. 

Topographic Survey. — A topographic surveying party was sent 
from Washington, which was engaged the entire summer in the 
preparation of a tofx^graphic sheet embracing portions of Richland, 
Ransom and Sargent counties, and known as the Wyndmere sheet 
or quadrangle. The entire expense of this work was borne by the 
federal government, the state survey having so meager an amount 
to offer for co-operation that it was declined and the entire expense 
borne as above mentioned. 

It may be proper to explain here that it is the policy of the fed- 
eral government to expend each year in such surveys an amount 
equal to that appropriated for this purpose by the states. It will 
thus be apparent that if this work is to be continued in our state it 
will be needful to oflfer a sum for co-operation comparable to that 
offered for such work by other states. 

A word regarding the character of the topographic survey and 
the areas that have already been surveyed may not be out of place 
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here. First, the topographic survey forms the basis for all further 
detailed surveys. The progress of all systematic work in the state 
will therefore be determined bv the attitude that is assumed in re- 
gard to topographic work. If the state offers lilxTal co-operation 
in these surveys, this will render possible the more rapid advance- 
ment of the work along more strictly geological and economic 
lines. Moreover, the interest shown in the progress of the work 
by the state itself lends encouragement to the federal government 
that will naturally lead to continued co-operation in the surveys 
which have been already lx*gini, and for the con<luct of which the 
federal surveys have expended so lilKTal sums. 

A topographic map or sheet covers an area of one-fourth of a 
degree of the earth's surface, a quadrangle as the area is called, be- 
ing lx)undcd by parallels and meridians, respectively thirty minutes 
of arc of the earth's surface apart. Tn this latituile a to]x)graphic 
sheet or quadrangle is al)Out twenty-four and one-half by thirty-four 
and one half miles in extent and embraces an area of a little less 
than 850 square miles. 

On the toiK>graphic map or sheet the elevation of every part of 
the area is shown, also all the lakes and rivers and smaller streams, 
towns, railroads, public highways and houses. The maps are print- 
ed on a scale of one-half inch to the mile. This makes each sec- 
tion of land appear on a scale suitable for further detailed studies. 

Ten topographic sheets have thus far been made in North Dakota, 
which are designated as follows, the name Ixnng derived from the 
principal town centrally located on the quadrangle: Fargo, Cassel- 
ton, Tower, Eckelson, Jamestown, Pingree, Wahpeton. LaMoure, 
Edgeley and Wyndmere (the last named having been surveyed in 
1904.) 

Biological Sunry. — Owing to the limited state of the survey 
finances it was deemed best not to attempt any further study of 
the native grasses and forage plants until funds should Ik* available 
sufficient to carry on the work adequately and fully enough to make 
it possible to reach some definite conclusions. 

Chemical Sunry. — Arrangements were planned to have a chemi- 
cal survey made of the region about Devils Lake, and the lakes in 
the adjacent i)ortions of the state, but the funds were found to be 
insufficient to carry the work to adequate completion, and the eflfort 
w-as abandoned for the present season. 
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The purpose of this survey was to determine from analysis of 
soil samples taken from the different soil types in the region, and 
from analysis of water from Devils Lake and the lakes and streams 
of the neighborhood, what is the relative percentage of salts and 
alkalies in the soils and waters of the region as compared with the 
waters of Devils Lake. This would give a basis for determining the 
cause of the saltness of Devils Lake, and also a key to the best treat- 
ment of lands in which salts and alkalies are found. 

The Personnel of the Survey. — The state has been fortunate in 
securing the services of young men of so high a degree of special 
fitness and training for the vari(Uis lines of investigation represent- 
ed. It has l)ecn, and will continue to be the aim of the Survey, to 
interest vounc: men from our own state in the work of tlie Survev. 
It is hoped that trained men may ultimately be secured from our own 
state who will be able to conduct the highest class of investigation. 
Several young men from the Agricultural College and other institu- 
tions have been engaged upon the different lines represented by the 
survey. It is hoped that of this numl^er at least some will find a 
congenial atmosphere in the domain of geology, and will become 
professional workers in this field. Such men are in demand both 
by the state and the United States, and it seems fair to presume 
that there will continue to be an increasing demand for such train- 
ed experts as the development of the resources of the state con- 
tinues and the importance and value of accurate scientific investiga- 
tions becomes more fully realized. 

The state has been particularly fortunate in securing the services 
of Mr. H. \'. Hibbard, as assistant in the department of areal geo- 
logy and underground waters. Mr. Hibbard was for several years 
a student in the dej)artment of geology of the University of Chi- 
cago, and now professor of geography in the Hyde Park high 
school, Chicago. His prej)aration for the accurate work of the de- 
partment he has represented has been of the highest order, having 
had the benefit of training under the direct instruction of the fore- 
most geologists in America. His experience in practical field meth- 
ods therefore renders his services of the greatest value. By rea- 
son of Mr. Hibbard's assistance it has been possible to extend the 
work in this department beyond what would otherwise have been 
possible. 
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Cost. — The amount appropriated by the last Icgishitivc assembly 
for the maintenance of the Agricultural College Survey was $'2,- 
000. As the Survey was organized to co-oi)erate with the federal 
surveys, the amount made available by the slate wf)uld naturally 
determine the amount of co-operation into which the federal surveys 
would enter, and the amount also which the state desired. How- 
ever, the federal authorities have taken good will at its full value, 
and have expended a much larger amount than the state appropriated 
in the hoj)e that more active co-operation (ni the part of the 
state would Ix" provided for when the next legislative assembly 
shoidd convene. The aggregate expended by the federal surveys 
in co-operation with the Agricultural Collegt? Survey in the divis- 
ions of soil, areal geology and underground waters, and to]x>- 
graphy is upwards of $10,000 for the years 1I>0:M, aside from the 
cost of the publication of re])orts. 

It can hardly \)c hoped that the federal authorities will continue 
to expend fiinds so generously in our state unless some active appre- 
ciation of the generosity manifested be shown l.)y reasonably ade- 
quate prcH'ision of funds by the state. 

Xecds of the Surrey. — So urgent is the demand for adequate 
funds and so great the value of the work to the state which has 
been begun and thus far carried on principally at the expense of 
the federal government that T desire most resj)ectfully to call your 
attention to the needs of the several divisions re])resented by the Ag- 
ricidtural College Survey. The topographic survey forms the basis for 
all further detailed surveys. The cost of making a toj)Ographic map 
averages about SlJ.OOO. The policy of the government is to expend 
in each state an amount equal to that provided by the state itself. 
In order to have the topographic survey progress with rapidity and 
in accord with the general progress of the work in other lines, one 
sheet at least should be ])repared each year. Thus the state in or- 
der to meet the generosity of the federal govermiient should pro- 
vide ?1,.*)00 per year for this work. 

Similarlv, the work of the soil survev has been heretofore done 
almost entirely by the federal department, but in the hope that the 
state would realize the IxMiefit and value of the work and provide 
an annual sum sufficient to meet that offered by the federal govern- 
ment. For this work the federal government has expended during 
the past two years about $3,000, or $1,500 per year. 
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The division of hydrography of the United States Geological 
Survey has expended about the same amount annually. 

In addition to the lines of co-operative work above mentioned the 
Agricultural College Survey has, in conformity with the purpose 
expressed in the law organizing the survey, undertaken to complete 
an economic and geologic map of the state. As a part of this work 
the survey has undertaken the preparation of a map showing the 
different characters of lands, the soils and waters, also the native 
grasses and forage plants, in the western portion of the state — a 
portion of the state, as has Ix^cn stated before, tliat has never been 
accurately mapped — looking toward a more complete geologic and 
economic map of the state. For this work $1 ,000 per year is needed. 

I would also most respectfully urg^e the necessity of provision 
of sufficient funds to maintain the chemical and biological divisions of 
the survey, and also to provide for permanently preserving speci- 
mens of soils, rocks, minerals and other material, such as is being 
collected each year, but for the preservation of which no adequate 
provision has been made. 

The investigations which are contemplated in the division of 
chemistry include both field studies and laboratory analyses. Five 
hundred dollars per year for the biennial period will be needed 
to carry to satisfactory completion the field and laboratory investi- 
gations which it is hoped to undertake, $*UK) beiug the estimated 
necessarv cost of the field work, and $"200 that for laboratorv ma- 
terials, and the services of competent assistants. 

For the biological survey and the preservation of material col- 
lected in the work, $500 per year ought to l>e expended in order 
to vield the best results. 

In the interest of the fullest conservation of the results of the 
survey, I would recommend that suitable cases for the preserva- 
tion and storage of the valuable material which is each year col- 
lected by the different field parties be made. One hundred dollars 
per year would make it possible to preserve each year material 
representing a value for educational purposes and the work of al- 
lied departments of the college almost beyond expression in figures. 

Summarizing the above figures, I desire to recommend the appro- 
priation of the following amounts, to be used in the discretion of the 
director for the following purposes : 
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THE LIFE AND WORK OF PROFESSOR 

CHARLES M. HALL. 

By Warren Upiiam, St. Paul, Minn. 

From the American Geologist, April, 1902. 

In the comparatively new states west of Minnesota, resident 
geologists are few. Many problems of theoretic and economic 
geology wait there to be worked out. The death of a young 
geologist, who was well ecjuipixid and earnest for this work, who 
had grown from boyhood to manhood in North Dakota, whom to 
know w'as to esteem and love, is therefore a great loss, not only to 
his personal friends, but to the wider interests of education and 
science. 

Giarles Monroe Hall was born in Wellington, Ohio, October 
21, 1870. When he was alx>ut twelve years old, his parents and 
the family removed to North Dakota (then a ])art of Dakota Terri- 
tory), settling in Stutsman county, near the present town of 
Eldridge. Later they removed to Grand Rapids, on the James 
river in LaMoure count}', where they engaged several years in 
farming. In 1891 his parents removed to the state of Virginia, 
where they have since resided. Charles, however, preferred to re- 
main in North Dakota, entered the State Agricultural College at 
Fargo, went through the usual course of four years, and was 
graduated in 189."), with high honors. 

Immediately after his graduation, he w-as appointed assistant 
professor of chemistry and geology in that college, where he taught 
during the next two years. To better qualify himself for ' his 
duties there, he then obtained a leave of absence for a vear of 
special studies in Johns Hopkins University. 

Frederick Bennett Wright, his room-mate during this year at 
Baltimore, writes: "In the autumn of 1897 Mr. Hall entered the 
graduate department of geology. His enthusiasm in the work, 
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together with his attractive personal characteristics, soon won for 
him a genuine jxjpiilarity within the circle of geological professors 
and students among whom he had come. Although his interest in 
the work Ixifore him was general, he was more attracted by 
structural and physiographic suhjects than by those of mineralogy 
and paleontology. His life at l*'argo, in the nld ]>ed of lake 
Agassiz, naturally gave him a keen interest alst^ in glacial geolog}*. 
During his stay at |ohn> Ilojikins, he worked f«>r a short time on 
the Maryland (je(^logical Survey, along the Potomac river. There 
his work was so thorough and satisfactory that he was ofifere<l a 
position' in that state survey, lor field work (*n the c«»asial plain the 
tV^llowing summer. IJut his teaching and ])lans for field work in 
X(^rth Dakota were more attractive and caused him to return there. 
Personally he was very modest al)«ail his accomplishments, but yet 
had a sufficient sense of their importance ti» give him the confirlcncc 
in himself necessary for success. I was greatly impressed with his 
])road views on all subjects, and his wide interest in general topics. 
We often had heated discussions, thnngh perfectly friendly, which 
sometimes lasted till after midnight, nn all ci»nceivable subjects, 
from geology-, evolution, an<l theoli.^gy, to nuisic and art." 

Returning in the summer <if is'js to the Agricultural Colleg-e of 
North Dakota, and being pr(jm«»ted t'» its i)n>t'ess<»rship nf geology, 
Hall was constantly engaged, through the remaining four and a half 
years of his life, in his duties as a ct^llege instructor, including fre- 
quent excursions with his classes, and in more extensive examina- 
tions of distant parts of the state during vacaticnis. 

In the summer of VM)0 he began a systematic invest igaticni of the 
artesian wells and undergroinid water res«»urces of North Dakota. 
through cooperation by the Agricultural CV)lK*go with the United 
States Geolojjical Survev. Previouslv also he had aided IVofcssor 
J. 1''. To<M, during one (^r iwt> summers, on similar work in a part 
of the James river valley in South Dakc^ta. 

IJesides the hydrograj)hic work, he began at llie same time a 
survev of the si>ils of North l)ak«jla. being associated with F. H. 
Newell mil Mih<'ii Whitney of the I'. S. ( leolo-^ii-al Survey, in 
their res])eclive departments «»f hydrology and s«m1 investigations. 
Manuscript rei)orts an«l maps. iH'tes of stream measurements, 
records (A artesian wells, collecticms and analyses c)\ <.<nh, etc., 
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relating to parts of these researches already completed or well ad- 
vanced, had been forwarded to Washington, but they still await 
publication. 

Professor Hall had presented some of the results of this work 
in a series of newspaper articles, concerning the water supply of 
J'argo, the artesian basin and wells of the Red river valley and 
westward, irrigation for the drier western parts of the state, and 
the capabilities of its diflferent regions for agriculture and grazing, 
these articles being published in the Fargo Forum and Daily 
Republican, the Wahpeton Ga::ctte, the Minneapolis Journal, and 
other newspapers, during the years 1000 to 190:2. 

One of the most important of these contri])utions is entitled "A 
Discussion of the Water Resources (yi Fargo and X'icinity, with Spe- 
cial Consideration of Possible Sources of Water for a Better Supply 
for the City," which filled four columns of the Forum, June 24, 
100'2. It is acconipanicd with a secti(Mi across Red river valley, on 
the line of the Xorthern T^acific railway, and a map which shows the 
limit of the chief artesian basin, receiving water from the Dakota 
sandstone, and the smaller areas of the valley receiving usually 
scantier Hows from the drift deposits. 

Within tlie last month before his death, he completed a manuscript 
for the suj)plement in a school geography to be published by the 
American IJook Comj)any, this supplement being a "Geography of 
North l^akota." 

Professor Hall represented his state through appointment by 
the governor, in the Tenth National Irrigation Congress, held at 
Colorado Springs, October to 9 of last year ; and in the Fargo 
Forum of November ?2 he published a considerable report of its 
proceedings, with earnest recommendation that North Dakota should 
take a larger share, in connection with the XT. S. geological and 
hydrographical surveys, for the development of irrigation. 

The latest and perhaps the most important work which Professor 
Hall brought to completion and publication, as printed in December, 
ino-?, is an ''OfTicial State "Map and Preliminary Geologic and 
Economic Map of North Dakota, issued by the Agricultural College 
Survey '■' '■' * in cof>peralion with the U. S. Geological Survey; 
approved by Frank White, governor of North Dakota, and R. J. 
Turner, commissioner of agriculture and labor." The scale of this 
map is seventeen miles to an inch. The western half of the state, 
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and the Turtle mountains, are colored as Laramie clays and shales, 
with many outcrops and mines or oixinings of workable lignite. 
Thence eastward the remainder of the state, excepting the area of 
the glacial lake Agassiz, is colored as glacial drift overlying the 
Montana shales of Upper Cretaceous age. Uix)n these colors tht 
courses of the marginal moraine belts are shown by another color 
printing. On the eastern lx)r(ler is the i)art of lake Agassiz west of 
the Red river, with its large Sheyennc, VAk \*a'lley, and Pembina 
deltas. The extreme limit of the glacial drift, and the boundarie> 
of the Dakota artesian basin, are designated aj)j)roximateIy. 

October 22, 1901, Professor Mall was marrio<l to Miss Jessie K. 
Taylor, of Fargo, and their life together was one of remarkable 
hap()iness and mutual helj^fulncss. They both were memlx*rs of the 
I^rst Methodist Episcopal church of I'^argo. and of its choir. 
Professor Hall was also a member of the Masonic fraternity, tlic 
Knights Templar, and other social organizations. 

His last ilhu-ss was diagnosed by physicians, half a year before 
he died, as probably to i)rove fatal within a year, or. at the longest, 
a few years. Yet he cotirageously continue! his teaching and his 
plans for the state agricultural survey. ( )ne of his last pieces of 
work was to frame a legislative act giving to that survey, as aided 
by that of the United States, a distinct field not duplicating tht* 
work of the State Ckv)l(^gical Survey, which is in ])rogress under 
the auspices of the State L'niversity and School of Mines of North 
Dakota, at (jrand Forks. His work of instruction in the college 
was continued until only three days iK'fore his death, which occurred 
at his home in I'argo the 'I'hl of January, l!)o;;. For him is the 
divine promsie, "lie thou faithful unto death, and T will give thee 
a crown of life." 
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A SURVEY OF THE COTEAUS OF THE MISSOURI. 



By Daniel E. Willard and M. B. Erickson. 

IVhat the Coteatis Arc. — A great region lying east of the Missouri 
river was called by the early French explorers "Les Coteaux dii 
Plateau du Missouri," or The Hills of the Missouri Plateau. In 
the popular mind the hills or "cotcaus" and the plateau are con- 
fused, the term "coteaus" being often applied to the great hilly 
upland which is the plateau, and a surface feature of which is the 
"coteaus" or hills. We shall therefore attempt to make clear the 
relation of the ''coteaus" to the plateau. 

**Les Coteaux du Plateau du Missouri" may be briefly and for 
convenience styled, the coteaus of the Missouri, or the Missouri 
coteaus. Les Coteaux des Prairies, from which the former should 
be carefully distinguished, is another and quite distinct feature of 
the landscape of the states of North and South Dakota. The latter 
is an immense hill many times larger than any one of the ^lissouri 
coteaus, lying mostly in northeastern South Dakota but extending 
across the border into North Dakota near Havana and Lidgerwood. 
Le Coteau des Prairies is a large preglacial hill having its surface 
covered with a mantle of drift hills much like the coteaus of the 
Missouri only not generally as large. The coteaus of the Missouri 
are morainic hills. 

Lc Plateau du Missouri, or the Missouri Plateau, is a vast upland 
of preglacial origin. The eastern edge of thi5 upland extends 
across North Dakota in a generally northwest and southeast direc- 
tion. The front rises quite abruptly from the plain to the east 
from 300 to 400 feet. This steep slope or front appears west of 
Ellendale, Edgeley, Jamestown, Carrington, Fessenden, Minot and 
Portal, distant from these places twenty to thirty miles. 

This plateau it has been stated is a preglacial landscaj)e feature. 
It was not in any manner formed by the ice of the glacial period. 

Lying on the top of the plateau is a great belt or tract of hills, 
drift hills formed by the action of the great ice sheet during the 
glacial period, which together make up what is known as a moraine. 

AgT. Col. Surv— 3 
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This moraine in North Dakota is a portion of the great con- 
tinental moraine which was formed during what is known as the 
Wisconsin stage of the great ice age. This moraine extends 
across the continent from the Canadian northwest territories to the 
Atlantic ocean. The moraine in North Dakota is no more a part of 
the great Missouri plateau than is this same moraine in Pennsyl- 
vania a part of the Allegheny mountains. The moraine is a de- 
posit of earth materials — stones, clay, sand, and soil— ploughed up 
and transported by the great moving ice sheet, and left in heaps 
and piles or spread out as rolling prairie, to a depth of thirty to 
100 or even 150 feet. 

The continental moraine in North Dakota lies in such relation to 
the plateau that it suggests that something more than accident 
caused the moraine to lie just upon the edge of the plateau through 
a distance of 300 miles in North Dakota. The front or edge of 
the plateau, it has been stated before, extends across the state in a 
northwest-southeast direction. The moraine also extends across 
the state lying almost parallel to the edge of the plateau, and no- 
where more than a few miles back from the slope which marks 
the edge of the plateau. Often in fact the coteaus or hills of the 
moraine are encountered immediately upon entering upon tnc 
higher lands of the plateau top. The accompanying diagram 
(Plate IV) will assist in making clear the relations. 

The direction of movement of the ice of the great ice sheet in 
this part of North America was probably very nearly at right 
angles to the front of the great plateau, so that the escarpment of 
the plateau served as a dam to hold back the ice in its onwara move- 
ment, and so the moraine occurs along the edge of the plateau 
because the ice could not advance beyond this position, a moraine 
always being formed at the edge of the ice sheet. 

It is because of the occurrence of the moraine upon the edge of 
the plateau that so much confusion has arisen regarding the true 
nature of the coteaus. The term "coteaus" has l>ecn applied to the 
liills in this region. The altitude of the plateau above the prairie 
to the eastward has easily made this seem a part of "the 
hills," whereas the coteaus are hills on the top of the plateau and 
entirely difYerent in their origin. 

The Purpose of the Survey. — The extent of territory embraced 
by this great moraine within the state of North l^akota is probably 
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approximately 7,000 square miles. This region has until the last 
two or three years been mostly an undisturbed grazing range, 
native grasses adapted during the ages to the soil conditions of such 
a landscape growing in abundance, and eaten by the herds of cattle 
and horses which during the last thirty to forty years have succeeded 
the herds of buffalo and antelope that formerly roamed and grazed 
on these lands. The agricultural value of the lands was an un- 
known factor. The ranchman was the only settler. Little was 
known of the character of the lands, and little question was asked 
by homeseekers about these lands because there were other more 
desirable lands open to homestead entry. 

Within the last two or three years, however, the demand for 
homestead lands has led to the settlement of some portions of 
these lands by farmers. The need for a scientific survey of the 
region and some determination of the character of the lands and 
their adaptability to farming or stock raising has therefore been 
more keenly felt. The region has long been regarded as adapted 
only to gprazing, and no attempt at general farming has been made 
until very recently. The settlement of a farmer upon an occasional 
quarter section effectually overthrows the large ranching enterprises 
where cattle in great herds wander at will over a range unbounded 
by fences and limited only by the instinct of animals to stay about 
some central locality. 

From a scientific standpoint a survey of the region was needed. 
The great continental moraine has been definitely mapped in all its 
vast extent from the Missouri river eastward to the Atlantic ocean, • 
that portion only which lies north of the main line of the Northern 
Pacific railroad in North Dakota and thence on to the northwestern 
corner of the state remaining unmapped. 

An Unique Part of North Dakota. — ^The region known as "the 
coteaus" is unlike any other part of North Dakota. There are 
other morainic lands in the state, but none that can vie with this 
region in rugged character, in abundance of the number of sloughs 
and lakes, and in the "everlasting monotony." It is not like the 
rugged hill-land west of the Missouri river, for there the hills 
nearly all have flat tops, and the land is nearly all cut up by 
streams and dissected by deep coulees. Streams are unknown 
among the coteaus, and the hills are all rounded in form and never 
flat on their tops. 
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This regfion is one that marks the halting^-place of the g:reat con- 
tinental ice sheet in its passagfe across the northern portion of 
North America, and here was deposited the great mass of morainic 
material — rocks, sand, gravel, clay and soil ; huge boulders so hard 
that they would phase the hardest stone-cutter's chisel and weigh- 
ing many tons side by side wath small rounded pebbles and sand 
grains, masses of clay and soil piled in heaps, hollows filled with 
water or grown up with reeds and rushes. 

It is truly the region of hills — coteaus. They are the coteaus of 
the ^lissouri plateau because they are on the plateau. They are 
the highest and most rugged of morainic hills in the state because 
they were formed at the edge of the great ice sheet at a stage when 
the edge remained stationary, neither advancing nor melting back, 
for a longer time than at any other stage. 

The Area Siirz'eyed, — The portion of the great moraine lying 
south of the Northern Pacific railroad within the state of North 
Dakota has been mapped by Mr. J. E. Todd, of the South Dakota 
Geological Survey and the V. S. Geological Survey. The un- 
mapped portion therefore extends from the Northern Pacific rail- 
road between Steele and Bismarck north to the extreme northwest 
corner of the state. 

Minot was made the railroad point of entrance to the field, and 
the first camp was established on section 22, township 152 north, 
range 84 west. From this point a careful study of the adjacent 
region was made, the plan being to extend the work both northwest 
and southeast till the limits of the state should be reached on the 
one hand and the area already surveyed and mapped by .Todd on 
the other. The eastern side of range HI] was made the eastern limit 
of the area studied during the season of 1903, and during 1904 the 
work was extended over the territory westward to range 92, the 

territory included in the Fort Uerthold Indian reservation not beingf 
included. The area mapped thus includes two tiers of townships in 
]\TcLean county and extends to and includes the tier (^f townships 
crossed bv the Great Northern railroad in Ward conntv. 

DKScuirrioN r>i' riii-: ahka. 

T/inr Typrs of Landsaipc. — The accompanying map sliows fifty- 
ei^ht townships. The area includes three types of landscape, viz., 
(a) a region which was passed over by the ice Init wliicli is not 
covered hv moraines; (b) a region of strong morainic hills, lakes 
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and sloug^hs — the coteaus, and (c) a region outside the gfreat 
moraine, west of the coteaus, a regfion over which the waters from 
the melting" ice of the gfreat g^lacier passed forming" many broad and 
deep channels, and which may be called the reg"ion of overwash. 

The first of these types of landscape is represented on the 
northeast portion of the map. This region is not included in the 
"hill country" of the coteaus, and is not a part of the region 
intended to be studied in this survey. It is shown on the map for 
purjDOses of comparison. This is rolling prairie, technically called 
ground moraine, and is adapted to general agricultural purposes. 
The line delimiting the ground moraine or rolling prairie from the 
morainic hillv land, the coteaus, crosses in a northwest-southeasterlv 
direction the following townships: Township 152, range 83; town- 
ship 153, ranges 83-84; township 154, ranges 84-85; township 155, 
ranges 85-86, and township 156, range 87. 

This region is dissected by coulees. It has no lakes or sloughs 
of much importance. The coulees are deep, due to the fall or 
slope from the high plateau region toward the Mouse and Des 
Lacs valleys. 

The second or morainic type of landscape, the real coteaus, 
includes the body of the area mapped. Here will be observed an 
utter absence of streams or coulees and many lakes and sloughs. 
The hilly portions of the map are indicated by the dotted shading. 

The third type is that of the overwash region, represented on 
that portion of the map not shaded and marked by deep and 
broad valleys. ' This type is represented on the southwestern 
portion of the area mapped. It is a region over which the ice did 
not pass during the stage known as the Wisconsin, or the stage 
when the morainic hills known as the coteaus were formed, but 
over which passed vast floods of water, overwash from the melting 
of the great icesheet, and which has been eroded so that large 
channels have been formed, and extensive deposits of gravel have 
been left. 

The Older and the Nezver Drift. — In order to avoid possible con- 
fusion in the mind of the reader, who may question how the moraine, 
called the coteaus, can represent the edge of the ice sheet w^hen 
drift materials are knowm to occur over a territory extending fifty 
miles west of the Missouri river, a word needs to be said regarding 
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the earlier and the later stages of the ice sheet in this portion of 
North America. 

It may be assumed that the reader is familiar with the 
elementary facts of glacial geology, as the discussion of these facts 
here would involve more space than can be devoted to it.* How- 
ever a brief statement of the facts regarding the older and the newer 
drift will be given here. 

The moraine which is the principal subject of this paper, and 
which embraces the greater portion of the territory described in 
this survey, was formed at the edge of the ice during what is known 
as the Wisconsin stage of the great ice sheet. This moraine thus 
marks the limit of advance of the ice sheet during this epoch or 
stage of the glacial period. 

It will thus be seen that the drift which lies west of the 
Missouri river does not belong to this stage or time; it is much 
older. An earlier invasion of ice from the north, the stage 
known as the Albertan, passed over this portion of North America 
long before the later invasion which formed the coteaus. A mantle 
of drift therefore covers the territory lying outside or west of the 
moraine formed during the Wisconsin stage and known as the 
coteaus. This drift in some places has been nearly all washed away 
so that but little or none at all remains covering the original land 
surface. It is often deeply eroded by the streams of ice water 
which flowed away from the great glacier of the Wisconsin stage. 
The valleys of Douglas creek, Shell creek and Little Knife river 
are examples of such channels that have been eroded into the 
older drift in their upper courses, and farther toward the Missouri 
river have cut entirely through the mantle of older drift into the 
underlying rock, as is shown by the outcropping ledges of sandstone, 
shale and lignite coal along the banks of these streams. 

Further Description of the Area — The Eastern Slope. — ^The deep 
valleys of the Des Lacs and Mouse rivers cross the northeastern 
portion of the area included in the map. These valleys are broad 
and deep beyond all comparison with valleys made by rivers of such 
sizes as those now occupying these valleys. They are glacial 



*To the reader who may be interested such a simple statement of the general seoloffy of 
the state as is needful to an understanding of the present report, it may be suggested that a 
little book. "The Story of the Prairies." is a simple and popular description of the geoloey of 
North Dakota, and to this work the reader is respectfully referred. The book is published 
and for sale by the author, Daniel E. Willard, Fargo, N. D. 
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valleys, channels cut by the flood waters from the melting ice sheet. 
They have been eroded 300 feet into the plain which lies east of 
the great Missouri plateau. That their bottoms are below the low- 
est portions of- the mantle of drift is shown by the occurence of 
sandstone ledges and lignite coal beds in their banks. 

The plain which is crossed by these valleys is the characteristic 
rolling prairie of a large ,part of North Dakota. It is the rolling 
prairie for whi.ch the state is noted, and which makes North Dakota 
a "prairie state." This particular parcel of rolling prairie is a 
segment of the sloping front or edge of the great Missouri plateau. 
While the plain along the banks of the deep valleys of the Mouse 
and Des Lacs rivers is 300 feet above the bottom lands along the 
immediate stream beds, still the plateau top thirty miles west is 
more than 300 feet higher than this plain. 

It is this slope from the edge of the plateau toward the deep 
valleys that gives the dissected character to the landscape. A rise 
of nearly 700 feet in a distance of forty miles in the railroad grade 
of the Great Northern railway from Minot westward has made 
possible the erosion of the deep and narrow V-shaped coulees which 
characterize the region. 

Description of the Moraine, — The hilly region of the moraine in 
the area under consideration is from fifteen to twenty-five miles in 
width. This tract is made up of hills, ridges, rolling or even gently 
undulating prairie lakes, sloughs and hay meadows. A moraine is 
thus seen to be a somewhat complex thing. 

The general aspect of the landscape after entering the morainic 
region is distinctly hilly. Many of the hills are high and their sides 
very steep and rugged. Often they are so closely set together that 
there is no space between the bases of the hills, but the bottom of 
one merges into its nearest neighbors. Occasionally a hill is so 
decked with stones large and small that the face of the hill appears 
like a vast stone heap. 

Travel through the hills to one unaccustomed to the region is 
almost impossible, not only because of the roughness of the land- 
scape and the frequent large rocks, but the hills all have such a 
resemblance that the inexperienced traveler easily mistakes the hill 
he thinks he is traveling toward, another insidiously substituting 
itself for the one he started to reach, while the traveler uncon- 
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sciously changes his course to go around a hill or avoid a slough. 
Where definite trails do not serve as a g^ide to the traveler he is 
almost helpless, and a journey is well nigh impossible. 

The hills are sometimes so stony and steep that progress on 
horseback by one who is not accustomed to "the range" is almost 
impossible, a horse being liable to fall owing to the great number 
of rounded stones and the exceeding steepness of the slopes. Fol- 
lowing a well worn trail one can often see his way but a few rods 
or even a few feet ahead, so crooked is the way as it winds and 
swings this way and that, among the hills. Leave the beaten past 
but a few steps and the unaccustomed traveler is as one adrift on 
the rolling sea. 

One may be lost and pass within a few rods of a rachman's shack 
and not sec it, for the shack may be and often is located in a hollow 
between the hills so that it cannot be seen often even from a short 
distance. The writer speaks from experience in seeking to find a 
ranch house while traveling a stranger and alone in this solitary 
region. A miss of a single dim fork in the trail caused him to pass 
bv the last house in manv miles, and as a result he lav down 
fatigued to the point of exhaustion upon the hard bosom of Mother 
l^arth. and slept with the picket rope by which his saddle pony was 
held tied around his bodv till the cold of the small hours of the 
morning compelled him to travel on eagerly looking for the dawn 
which should enable him to find food — and what was more intensely 
needed, water. 

A cvMumon custom is to place ujK:)n the highest points of the high- 
est hills piles of rocks with often a pole supported in the midst of 
the RHrks as a guide to the traveler. Such a landmark is always 
known to the inhabitants of the country, and if lost in fog cw storm 
and oiK^ of these marks is seen it will indicate quite as accurately as 
section cv>mers in the agricultural i ortions of the state where a 
'•anch house is Ux'ated. 

i>\e may ]xiss a herd of hundreds of cattle within a few rods or 
even go through the herd where the animals are grazing in the 
hollows or on the slopes and perhaps Ik unaware of the herd's 
J presence. 

T>^xWts Less //i.Vy.— The whole i^i the morainic region is not of 
the extremely hilly t\iH\ Tnter-nn^rainic tracts embracing from a 
tew acn^s to a huiulreil acres or sometimes more occur, and these 
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/^^iantities is cut in them and stacked for winter feeding. If this 
jfreat coteau region could be used exclusivdy for grazing without 
•nterference from attempted fanning on the few small areas on 
which farming is at all practicable, and could be used to its full 
capacity, a vast source of wealth to the state would result. This is 
not saying that the present wholesale range and wasteful methods 
in vogue on the ranches would accomplish this end, but if the low 
and more level tracts such as are capable of profitable plowing could 
be used by stockraising farmers for the growth of alfalfa, corn and 
other coarse forage crops for winter feeding, and all the hay which 
grows in the sloughs could be untilized, so that enough herds could 
be wintered to eat all the grass which grows on the inaccessible 
hillsides and rough lands, a livestock interest vastly greater than 
that which the region has heretofore sustained Would be possible. 

The Extra-Morainic Territory, — There remains to be described 
the territory lying west of the morainic tract between this tract and 
the Missouri river. This has been referred to as the overwash 
region adjoining the moraine. 

It has been pointed out before that the region is mantled with the 
older Albertan drift, and that it has been furrowed and eroded 
into deep channels by the pasage of the waters of the melting ice 
sheet southward and westward into the Missouri river. 

It will be seen by reference to the map (Plate III) that the eastern 
edge of the moraine is quite definite and simple, whereas the western 
side is very irregular, the moraine being indented by deep sinuses 
and inverted loops. This is the usual thing that the outside of a 
moraine is ragged and uneven while the inside or that toward the 
ice sheet is comparatively even. This will be readily understood 
when it is borne in mind that the great moving ice mass pressed 
upon the east and north side of the moraine while at the same time 
the materials of which the hills of the moraine are composed were 
being deposited by the ice and the edge of the melting ice sheet was 
jagged and uneven, due to unequal melting. Long lobes pushed 
out from the front of the ice also, and thus the outer edge of the 
great deposit from the ice, which is known as a moraine, is very 
irregular and uneven. 

One of the most conspicuous of these embay ments in the moraine 
with its corresponding lobe of hills has been called the Douglas 
valley, from the name of the small creek that now occupies the old 
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are sometimes fertile and adapted to cultivation. These inter- 
morainic tracts are not, however, generally extensive enough or 
frequent enough to lend much importance to the region for general 
agricultural purposes. The hills are too stony and the soil too com- 
pact, dry and hard to render farming 'generally profitable or prac- 
ticable. 

All the region represented on the map by the shaded portion falls 
in the class of morainic lands and is not regarded as advantageous 
farming land. This does not mean that there are not some quarter 
sections that are desirable, and there are a few sections that might 
be untilized as farming lands. In time, as land becomes more 
valuable in agricultural districts, these lands which are now one 
great public domain will fall into private ownership, and the less 
hilly portions will probably be cultivated and the more hilly parts 
used for pasturage. 

The region is a natural pasture land. The native grasses are 
very nutritious, and cattle and horses thrive during the whole year 
upon the forage, which cures as it stands, with only a little feeding 
in the winter. At present, and it seems likely for many years tts 
come, that portion of this district which is included m tne morainic 
tract will be more valuable for grazing and stockraising than for 
general farming. The settling of a few farmers in the hill country 
w'orks serious injury to the stockraising industry, and really detracts 
from the development of the wealth of the state rather than adding 
to it, since the plowing and raising of cereal crops on a few small 
patches prevents the free range of stock over the hill country 
surrounding, and thus causes a vastly greater area to lie desert. 

A further feature that adds to the value of these lands for exclu- 
sively grazing purposes is the great number of "dry" lakes or 
sloughs, which are often real lakes during the season of heavy 
rains or melting snows, the hay meadows. These small lakes and 
sloughs are a characteristic feature of the morainic territory. There 
are sometimes so many of these that travel during the season when 
they contain water or when they are too wet to be crossed is almost 
impossible. There are sometimes as many as fifty to 100 of these 
small hay meadows, lakes or sloughs, on a single section, though 
perhaps twenty-five to forty on a section would be about an average. 

These furnish forage during seasons when the hillsides do not 
produce enough grass for the herds, and hay in almost unlimited 
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quantities is cut in them and stacked for winter feeding. If this 
g^eat coteau region could be used exclusively for grazing without 
interference from attempted farming on the few small areas on 
which farming is at all practicable, and could be used to its full 
capacity, a vast source of wealth to the state would result. This is 
not saying that the present wholesale range and wasteful methods 
in vogue on the ranches would accomplish this end, but if the low 
and more level tracts such as are capable of profitable plowing could 
be used by stockraising farmers for the growth of alfalfa, com and 
other coarse forage crops for winter feeding, and all the hay which 
grows in the sloughs could be untilized, so that enough herds could 
be wintered to eat all the g^ass which grows on the inaccessible 
hillsides and rough lands, a livestock interest vastly greater than 
that which the region has heretofore sustained Would be possible. 

The Extra-Morainic Territory, — There remains to be described 
the territory lying west of the morainic tract between this tract and 
the Missouri river. This has been referred to as the overwash 
region adjoining the moraine. 

It has been pointed out before that the region is mantled with the 
older Albertan drift, and that it has been furrowed and eroded 
into deep channels by the pasage of the waters of the melting ice 
sheet southward and westward into the Missouri river. 

It will be seen by reference to the map (Plate III) that the eastern 
edge of the moraine is quite definite and simple, whereas the western 
side is very irregular, the moraine being indented by deep sinuses 
and inverted loops. This is the usual thing that the outside of a 
moraine is ragged and uneven while the inside or that toward the 
ice sheet is comparatively even. This will be readily understood 
when it is borne in mind that the great moving ice mass pressed 
upon the east and north side of the moraine while at the same time 
the materials of which the hills of the moraine are composed were 
being deposited by the ice and the edge of the molting ice sheet was 
jagged and uneven, due to unequal melting. Long lobes pushed 
out from the front of the ice also, and thus the outer edge of the 
great deposit from the ice, which is known as a moraine, is very 
irregular and uneven. 

One of the most conspicuous of tlicse enibaynicnts in the moraine 
with its corresponding lobe of hills has been called the Douglas 
valley, from the name of the small creek that now occupies the old 
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channel below Douglas postoffice. This "valley" includes portions 
of townships 149-152, ranges 84-85. 

The upper portion of this valley is beautifully set with lakes, in 
fact the Rice lake and Bartron's lake are among the most beautiful 
and clear in the state, having fine gravelly shores sind bottoms. 
The surface is far from level in the portion of this valley above 
Douglas ; on the other hand it is quite distinctly rolling or even hilly, 
and the soil is compact and stony, much like that of the moraine 
over much of it. The valley is not a valley at all as that term is 
ordinarily used. It is rather an overwash plain rrom the great 
ice sheet. The tract of gravelly and sandy soil in the northern 
portion of the valley is probably thus explained. 

South from Bartron's lake and Douglas postoffice the valley-like 
character becomes more conspicuous. The surface is more nearly 
level, and the soil is sandy and gravelly, assorted and washed by 
the glacial flood waters. 

Extensive plains of gravelly and sandy soil lie along the border 
of the moraine, t)rpical examples of overwash from the ice sheet. 
Frequently such plains can be distinguished from a distance by 
observing the characteristic growth of weeds and grasses which 
thrive upon such soil. 



. A BRIEF HISTORY OF GLACIAL LAKE AGASSIZ. 
A Posthumous Paper by Charles M. Hall. 

TOPOGRAPHY. 

The area considered in this paper lies within the region known 
as the Red River valley, which, during the closing stages of the gla- 
cial period was filed with water and known as Glacial Lake Agas- 
siz. This region has been described by Mr. Warren Upham in U. 
S. Geological Survey Monograph XXV. 

The topography is exceedingly simple. Two-thirds of this area 
lies as one vast level plain. Standing near the middle of the val- 
ley, if we may call it a valley, one looks across this vast expanse as 
far as the eye can reach, with his vision interrupted only by the 
groves planted by the early settlers, and marking the location of 
these older farm buildings, and the trees which border the winding 
courses of the streams. One is reminded of the level of the mighty 
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ocean, iiulecd in many places one's vision is bounded apparently in 
all directions by the tops of Imildings and trees in the far distance 
like the masts f>f a ship disappearing at sea, ho physiographic feature 
Uin^ jjreat enough to Ik* detected by the eye from the level. This 
feature is exj^lained in the l*. S. (i. S. Tof)ographic Atlas entitled 
•'l'hy<;iographic Tyi)es/' where the l'argt> cjuadrangle is used to rep- 
resent a re^'ion in youth. The general altitude of the level plain is 
alxiiit l»oi> feet alK)ve sea level. On either side of the Red River of 
the .Vorth which Hows from south to north across the area the land 
rise^ with a gentle slope of fmm 1 to 4 feet i)er mile. Approaching 
the wesir-rn hr)ttom of the old lake l)ott»m the surface is marked by 
a more sudden rise and broken by a series of ridges running north 
and sr>iith which mark the l)eaches <if the old lake at its diflFerent 
stage-. Til the northern j)art of the area there is a rise of 200 feet 
in a di'^tance of about ."» miles to the upper or highest level of the old 
lak'-. r»eyr,nd this the rolling prairie merges into the low morainic 
hilN \u<[ we=«t of this disirct. the highest part of the area now being 
r^^in^iderel being crossed in the northwest corner bv the 1,200 foot 
ront'^iur. 

In the ^'»inlurn half of the area, ('f south from the point where 
tlir aL'ij ir I\iv<r «!eb« iiclus upon the old lake Ix^ttom. the margin of 

I In- l;ikr b'ttt'in i^ irarked by a m«Te >udden rise of about (50 or TO 
irr\ within two or three miles onto a >and ])lain ahnost as nearly 
l«v<l a^ til" lake bottom itself. This plain extends from a little 
n^.rtb of tin- Maple River bexond the limits of the area to the south. 

II i- brok« II bv the Mai)le and Slieveimc vallevs. The Shevenne 
kiv r ha-; «r'» led a g'»rge Jrom ^^n) t«» 1 H> feet <leep across the plain. 
( )n fith'-r --ide of this vallev the i)lain is broken bv a scries of hills 
or diini's raiiL^ini^ from nuTe undulations in the surface to huge 
iiiMi:ii(l< i:;n ffct hij^^h. 

jii^t ])rcvi<:iis to the clo>ini: stMi;;-.s of the la^t great period of the 
r.'irt]r< lii>tMrv ]»rcc«Mling tl'c present, when the nt^rthern jiart of 
X'.rih Anirrira was o.vrre<l witli the jL^real ice sheet, not unlike 
(in.nland today, Miimesota and X«>rlh Dakota, as far west as the 
Mi-onH River, were deeply Imried beneath tlie great mountain of 
HHiviiiLr tee. Ill the region un«ler «liscii^sir»n, a portion of the great 
.Mimie-ota ire l"be had already fouii<l an (»1(1 drainage basin far bo- 
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neath where the vallev of the Red River of the North now lies, and 
had for centuries been leveling its rugged surface by the powerful ac- 
tion of its slow movements and adding the debris to that already 
g^athered farther north and east and depositing it at its border, form- 
ing the great hills of the terminal moraines of the Coteau des Prai- 
ries and the Coteau du Missouri. 

The close of this important period was marked by a change mi 
the elevation of the land, a change of climate and a gradual melting 
of the ice back to points farther north ; this is known as the retreat 
of the ice sheet. This was not a sudden or even a continuous melt- 
ing or recession, but was marked by a succession of pauses. At 
each pause sufficient time elapsed to accumulate enough debris along 
the margins so that when another retreat began a row of hills called 
a terminal moraine marked the line of the last pause. None of these 
pauses allowed the accumulation of nearly the amount of material 
that was deposited at the earliest margin. 

Seven moraines were accumulated and left by the retreat of the 
ice sheet before the epoch is reached which determined the surface 
geology of the Red river valley and the region under discussion. 
The seventh moraine, known as the Dovre, marked the edge of the 
ice sheet when its border lay along the line of hills which lies near 
White Rock, South Dakota, thence extending north and west near 
Lidgerwood, Lisbon and Alilnor, and following in general the 
course of the Sheyenne River to Devils Lake. 

As the ice melted back from the position just described, the water 
from the melting ice began to fill the basin of the pre-glacial Red 
River valley. The continued melting of the ice caused the basin to 
overflow and an outlet, naturally, was formed at the lowest point of 
the rim. This outlet channel thus formed was that in which Lakes 
Traverse and Big Stone now lie, and which was the former chan- 
nel of the Sheyenne River before the last recession of the ice sheet. 
The great lake which thus began, increased in size as the ice front 
melted back, until it covered an area nearly as great as that of all 
of our Great Lakes combined. This lake is called Glacial Lake 
Agassiz, for a detailed description of which see U. S. Geological 
Survey Monograph XXV, by Warren L'pham. 

The action of the wind and waves along the border of the ancient 
lake formed beach lines like those formed by great lakes today, ac- 
cumulating sand and gravel in places into great ridges. The cut- 
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twenty to forty feet deep near the river, but rarely extend back 
from the river more than a mile or two. At first it seems strange 
that so young a drainage system should still exist, but this is ac- 
counted for by the extreme }'outh of the region. 

The lacustrige deposits, when once started, erode rapidly. In 
1895 a wagon road was graded east of the river between sections 
30 and 31, Oakpon township, (T. 140, R. 48). for a distance of 
about six miles. The farmers at once l>egan to drain tlieir fields 
into the ditch made at the roa<lsidc. Erosion immediately became 
active for the full distance of six miles from the river, deepening 
and broadening the roadside ditch. In a period of four years the 
water had eroded a chamiel eighty feet wide and twenty-five feet 
dfep for nearly a mile from the river destnning the road and neces- 
sitating the building of substantial bridges. 

The Wild Rice and Sheycmie Rivers have their sources outside 
the Red River valley, and fnnn the places where they enter the level 
plain of the valley Ixntom, their channels and meandering courses 
are not unlike that of the main stream. 

The Wild Rice river has its source among the morainic hills near 
the southern boundary of the state of North Dakota. It enters the 
valley in eastern Sargent county, crossing the Sheyennc Delta for a 
distance of twenty-four miles in a direct line. It receives little or 
no lateral surface drainage in this region. It flows north parallel 
with the main stream more than forty miles before entering it. In 
the spring the river is full, but after the June and July rains it 
often becomes completely dry. The fall rains start the flow again, 
but tile stream freezes to the bottom in many j^laces in the winter. 

The Sheyenne is the most interesting stream of the region. Hav- 
ing its source southwest of Devils Lake it Hows 180 miles before en- 
tering the valley of the Red River of the Xortli. It occupies a val- 
ley ranging from one-fourth of a mile to one mile in width and from 
T.") to l.")() feet deep. During the principal period of the existence 
of Glacial Lake Agassiz the chief source of water besides that com- 
ing directly from the ice front came llirough the Sheyenne River. 

Tlii^ glacial river entered the lake about ten miles southeast of 
Lisbt^n. in l^ansoni county. The amount of sediment brought into 
the lake was very great and the deposit thus formed is known as the 
Sheyenne Delta. Vpham estimates the area of iliis delta at 800 
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square miles, with an average depth of forty feet and volume of six 
cubic miles. (U. S. G. S. Monograph XXV.) 

The position of the Sheyenne Delta is shown on the accompany- 
ing maps. The finer clay sediment was carried far out into the 
lake, leaving the coarser sandy material to form the delta. As the 
lake receded the vast delta of fine sand was left bare, and the river 
began to excavate a channel across its own delta. The water which 
entered the lake during its highest stages and which brought most 
of the sediment which formed the sediment, was greatly diminished 
by the diverting of the waters from the melting ice from the sources 
of the Sheyenne into other channels before the lowering of the lake 
had reached the fifth stage, or that of the formation of the McCauley- 
ville beach, which shore Ikie marks approximately the outer border 
of the delta, and before the river had cut a channel across its delta. 
Had this not been so the delta must have extended further into the 
valley locally where the valley of the Sheyenne debouches uix)n the 
Reel River valley in northeast Barrie township. 

After entering the valley of tlie Red River of the North the river 
takes a serpentine course northeast nearly forty miles before finally 
entering the Red River of the North. Although the Sheyenno 
River has a drainage area of over 4,000 square miles above its junc- 
tion with the Maple yet the stream does not suffer from floods nor 
seriously endanger the lands along its lower course, for the chan- 
nel below where it enters the Red River valley lowlands is capable 
of caring for the water as fast as it descends from the tortuous chan- 
nel of the upper stream. 

During the higher stages of the lake, while it yet had an out- 
let toward the south, the waters of the Sheyenne, as these entered 
the lake, drifted southward distributing sediment along the margin 
of the lake and finding an outlet into the Minnesota River. How- 
ever, to divert the present Sheyenne River and to make it discharge 
its water into Big Stone Lake and the Minnesota River, as it once 
did. and as has been advocated as a measure to prevent floods in the 
Red River valley, is entirely impracticable as the old channel is 150 
feet above the present stream. 

As the Sheyenne entered the Red River valley during and imme- 
diately following the McCauleyville stage of the lake it doubtless 
took a course almost directly east. Evidences of this old course are 
still marked first by the sharp bend of the stream to .the east as it 
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enters the valley in the southeast corner of section 11, Barrie Town- 
ship, and second, following the course of the river after it tiinis t 
the north the old channel is again marked on sections 8, J), 10 and 
14, Walcott Township. The volume of water could not have l)een 
great, else the first channel had kept open. Tlie extreme level char- 
acter of the land made it easv for the waters to Ix? diverted n<:>rth- 

m 

ward, whence it flows more than thirty miles almost ])arallel with 
th' Red River of the North. 

Along the Sheyenne valley occur a numlxfr of springs which u<iu- 
ally keep it flowing during the summer months, however, it has been 
known to become comi)letely dry. It is noticeable that the stream 
has almost no tributaries, and where the vallev crosses the sandv 

m m 

plain of its delta it is rare that any surface drainage for more than 
a mile from the stream ever gets into the river. It is believed that 
were it not for the great channel, eroded by the glacial waters, the 
greater part of the 4,0()0 sciuarc miles of its drainage area would be 
like the Devils Lake region and a large area between the Sheyenne 
and James Rivers, an area of undeveloped drainage. 

The Mai)le River has its origin and course developed in much 
the same manner as the Sheyenne. The drainage area is much 
less, its valley not so deep. Like the Sheyenne and other tributaries 
of the Red River of the North it turns northward after entering the 
valley. It unites with the Sheyenne ten miles above where their 
combined waters enter the Rod River of the North. During dry 
years the bed is usually almost or entirely without water. 

In connection with the Maple River is a peculiar topographic fea- 
ture. Beginning at the cast side of section 10, Maple River Town- 
ship, Cass county, is a serpentine ridge from fifteen to twenty-five 
feet high, following in general the course of the Maple River. It 
is plainly traced for a distance of twenty miles. It can hardly be in 
any way connected with a beach line of the retreating lake, for the 
ridge originates with its crest 045 feet alx>ve tide and seems to be 
independent of the general to|)ography, the hnver part of the crest 
being not over 010 feet above tide. Across Maple River township 
the ridge contains much sand, and several sand and gravel pits have 
been opened. There is in each case less than five feet of sand and 
gravel. As the ridge is traced farther north across Durbin, Har- 
mony and Raymond townships, it offers attractive sites for farm 
buildings, but in nearly every case in drilling or boring for wat.T. 
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quicksand is struck from twelve to eighteen feet below surface, 
which is rarely penetrated far. The ridge follows closely the gen- 
eral course of the Maple River. It contains coarse materials near 
its origin and quicksand along the balance of its course. It is inde • 
pendent of the natural topography. Its origin is near where the 
Maple River makes its debouchure into the level valley bottom. All 
this leads to the belief that it was formed by the Maple River en- 
tering comparatively shallow water, dropping its coarser materials 
first and the fine quicksand in the more gently moving current far- 
ther out from shore. It acts in every respect like what would be 
called an csker or osar in glaciology, but what could confine a 
stream of water in a shallow lake in one course long enough to de- 
posit such a prominent ridge is not clear. 



SOIL SURVF.Y OF THE GRAXK FORKS AREA, NORTH 

DAKOTA. 

Bv Charles A. Jensen and N. P. Neill. 

(Reprint from Field Operations, Rureau of Soils, 1902.) 
LOCATION AND BOUNDARIES OF THE AREA. 

The area surveyed is situated in Grand Forks county, one of the 
eastern tier of counties of North Dakota, lying a little north of the 
east and west medial line. The eastern limit of the area is the Red 
River of the North, which also forms the state boundary line. 
Grand Forks, in the northeastern part of the area, is situated in 
about north latitude forty-seven degrees, fifty-five minutes and west 
longitude ninety-seven degrees, five minutes. The area extends a 
distance of thirtv-four miles west from that town. For the first fif- 
teen miles the area is six miles wide^ and for the remaining eigh- 
teen miles it has a width of twelve miles. The area includes town- 
ship 151 north, ranges r)0 to 55 west, inclusive, and township 150 
north, ranges 53 to 55 west, inclusive, and covers an area of 314 
square miles or 200,900 acres. Probably most or all of the types of 
soil in the county occur in the area mapped. 

I HISTORY OF SETTLEMENT AND AGRICULTURAL DEVELOPMENT. 

The Dakotas were originally a part of Michigan, Wisconsin, Iowa 
and Minnesota, and during the years between 1834 and 1858 the 
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boundaries were often changed. Civil government of the Dakotas 
did not begin until 18G1, and North and South Dakota were not 
constituted separate states until 1889. 

British and American fur companies were the first to occupy Da- 
kota territory, and land was not taken up for agricultural purposes 
until 1851, when a few white settlers obtained a few hundred acres 
from the Sioux Indians. Agricultural pursuits were, however, often 
interrupted, even at this late date, by the Indians, who a number of 
times drove the settlers out of the country. 

Grand Forks county was created June 4, 1873, from part of Pem- 
bina county. Its boundaries were changed in 1875, in 1881. and 
again in 1883. The first settlement in the county was Grand Forks. 
the county seat, which was established late in the seventies. What 
was but an aggregation of a few houses in 1879 is now a thriving 
town of 8,000 or 9,000 inhabitants. Agricultural development at 
that time was limited to a few isolated ranches, as there were no 
railroad accommodations so far north until 1880-81, when tlie Great 
Northern railway was built through Grand Forks westward. Agri- 
cultural development was very rapid along the main line of this 
road and branches were soon built which gave greatly increased 
shipping facilities and resulted in a great impetus to farming in 
various parts of the county and state. 

The increase in improved farm lands has, however, been great- 
est during the last decade, within which time the number of farms 
and the value of improvements have almost doubled. Much of the 
western part of the county is not yet improved or developed, being 
somewhat hilly and less desirable generally than the eastern part. 

CLIMATE. 

The climate of the Red River valley mav be classed as subhumid. 
The annual rainfall, which is approximately twenty inches, is usually 
so distributed as to furnish enougli moisture for crop purposes dur- 
ing the growing season. Occasionally, liowcver, a season of drought 
occurs when crops are practically a failure. The year 1902 was 
very favorable as regards moisture, but the spring season was late 
and in a few instances cereals could not be planted in time to ma- 
ture. The summer months are warm without being uncomfortable,' 
and the fall months cool — conditions required for the proper ma- 
turing of the hard variety of wheat grown. 
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Hailstorms sometimes do considerable damage, and a few of 
these occurred in various parts of the state in 1902. A small sec- 
tion of the county sustained damage in July by a hailstorm, the 
force of the wind being sufficient to upset a few houses and tele- 
graph poles. 

The wind movement is comparatively high, especially during the 
fall of the year. It is sometimes strong enough during the summer 
months to badly damage heavy grain, especially if the wind is ac- 
companied by rain, as sometimes happens. 

The following table shows the normal monthly and annual tem- 
perature and precipitation, taken from the weather bureau records : 

NORMAL MONTHLY AND ANNUAL TEMPERATURE AND PRECIPITATION 



Month 



Larimore 



Temper- 
ature— 
(letfrces 
V. 



Precipi- 
tation- 
Inches 



University 



Temper- 
ature — 
degrees 

y. 



Precipi- 
tation- 
inches 



January.. . 
February.. 

March , 

April 

May 

June 
uly 

Autrust 

September, 

October 

November. 
December. 

Year. 



4 


0.91 


4.0 


5.0 


.31 


6.0 


17.0 


.55 


19.0 


41.0 


1.47 


41.0 


53.0 


2.54 


54.0 


60.0 


3.68 


63.0 


fie.o 


3. 35 


67.0 


64.0 


1.97 




56.0 


.61 


56 6 


42.0 


.79 


42.0 


22.0 


.36 


22.0 


18.0 


.75 


10.0 


38.0 


17.25 





0.55 

.51 

.62 

2.88 

3.14 

4.32 

1.96 

1.94 

112 

.76 

.76 

.62 



19.64 



PHYSIOGRAPHY AND GEOLOGY. 

The topography of the area is very simple. The level alluvial 
area extends from Grand Forks west to within about two miles of 
Emerado. The slope of this area is less than one foot to the mile. 
From there westward to the glacial drift there are eight or ten 
beaches or ridges with a northwest and southeast trend, varying in 
height from a few feet to perhaps forty or fifty feet, though the lat- 
ter height is seldom attained in the area surveyed. Tliese ridges 
are from one-half mile to two or three miles apart and have very 
gentle slopes. Often shallow swales extend from one beach to an- 
other. Sometimes the beaches form plateaus. 

From the Herman beach westward as far as the area surveyed 
extends there is a rise of perhaps 100 to 200 feet. Tliis is the gla- 
cial drift area and consists almost entirely of small hills and hollows 
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or swales scattered about incliscriminatclv. The individual hills are 
not extensive in area and vary from ten feet to sixty or seventN' feet 
in height, with slopes generally not too steep for cultivation. 

There are many glacial bowlders scattered about these hills and 
in the whole of the western part of the area surveyed. These occur 
in small masses or singly, and some of them arc of enormous size. 
They are, however, not numerous enough to interfere seriously with 
cultivation. 

There are a number of stream courses, a few deep but most of 
them shallow, traversing the area in a generally easterly direction. 
With few exceptions these are dry during the greater part of the 
vear. 

The area surveyed includes a part of the bed of glacial Lake 
Agassiz, and extends from Red River (approximately the middle of 
the valley), to and slightly beyond the upper or western beach of the 
lake into the glacial drift. The area thus traverses the lacustrine 
deposits in the middle of the valley, the bench lands and beaches 
westward, and the uj)per beach of the lake. The extreme western 
limit of the area extends several miles into the glacial drift, which 
corresponds to Fargo gravelly loam. The altitude of Grand Forks 
is 830 feet above sea level. 

The upper lx.*ach, several miles west of Larimore. known as the 
Herman Ix^ach, marks the western limit of the lake, while from 
there to several miles east of Emeradt> is a series of smaller beaches, 
representing various temporary stages of the lake during its reces- 
sion. There are smaller unimportatit iK'aclies between (^jata and 
Grand Fr^rks. These beaches consist of sandy loam, sand and 
gravel, and reworked till, the surface s<»il being invariably sandy 
loam, generally gravelly. Some ]>ortions of these beaches, espe- 
cially those near the western limit of the lake, closely resemble esk- 
ers. These beaches were undoubtedly f«»rnie(i by the action of the 
surf of the lake while its waters remained at (;>ne level for longer or 
shorter ])erio(ls. in the same manner that beaches are fi^rmed at pres- 
ent along the sliores of existing hays and lakes. The formaticin of 
the beaches was also assisted by the <lel)ris continually Ix^ng un- 
loaded by the floating ice. The coarser material would thus be 
washed up along tliese beaches and thi- tnier ])articles, with occa- 
sional j)ebblos. would settle in tlie swales Ixtween them. 
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Small kettle holes are quite numerous in the western part of the 
area and more rarely in the eastern. 

The alluvial clay proper, or as classified during the survey, Miami 
black clay loam, does not appear along the main line of the Great 
Northern railway until a point about two miles west of Ojata is 
reached, while west of this the surface soil is sandy loam with a clay 
or clay loam subsoil. The alluvial silty loam, grading into clay or 
clay loam at a few feet below the surface, varies consideraby in 
depth and at Grand Forks is probably from fifty to seventy-five 
feet deep. This stratified alluvial deposit is underlain by glacial till 
or drift, which gradually approaches the surface westward, forming 
the subsoil of Fargo gravelly loam and finally outcropping a few 
miles west of Larimore as a beach. At Fargo the drift has a thick- 
ness of 150 feet. Under this drift is found cretaceous shale, proba- 
bly the Niobrara and Fort Benton. It has a thickness at Grand 
Forks of over 300 feet. This is in turn underlain, at a depth of 385 
feet at Grand Forks, by granite and gneiss which extends to an un- 
known depth. 

Over a large part of the area, especially in the west, large bowlders 
of granite, gneiss, and more rarely limestone are found in local 
masses, having been dropped by the floating ice. A large number 
of local beds of crystalline gypsum were found at a depth of from 
one to six feet below the surface. Ai>parently similar beds were 
also found in the glacial drift. 

As gypsum beds are found almost invariably in the slight local 
rises or ridges in the alluvial soils, and as the texture of the soil in 
•those places is lighter than the surrounding soils, it would appear 
that these beds are due to g\"psum and accompanying salts being 
dropped there by the floating ice. Against this theory may be urged 
the fact that bowlders are not found in or around these local rises. 
Bowlders of fair size are, however, found at a considerable dis- 
tance east of Ojata, and as gypsum has a lighter sj)ccific gravity 
than granite or limestone, there would at least be a chance of its be- 
ing carried farther by the smaller floating ice masses. Moreover, 
the lake must have been comparatively shallow at the time these 
gypsum beds were laid down, for over some of them there is less 
than a foot of soil. With the lake at a low stage it would be impos- 
sible for large ice masses carrying great bowlders to drift so far 
eastward. 
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SOILS. 

Five types of soil were recognized in the area surveyed: Fargo 
gravelly loam, Miami sandy loam, Fargo loam, Miami loam and 
I\liami black clay loam. Besides these tN-peg a number of small areas 
of muck were mapjped. 

The texture of the surface soils in the eastern part of the areas is 
as a rule heavier than in the western, the difference being due to the 
difference in origin. Those in the eastern part of the area are of 
direct alluvial origin and are loams or clay loams, while those in 
the western part have been more or less modifie<l by the action of 
the shore water of the ancient lake and by drift and are consequently 
lighter in texture. 

AREAS OK OIITEREXT SOILS 



Soil 


Acres 


!' 1 
l*erccnt ' Si>il ! Acres 

1 1 


Per cent 


Miami aandy loam 

FarRO Bravelly loam 

Miami black clay loam. .. 
Miami loam 


68,800 
51,1% 
44,.V>2 
17,728 


r 

•It .3 1 Fiiri?o loam 


12.SS2 
«.5« 


6.1 


25.4 ; Muck 

22.1 , 
X.8 ' Total 


3.3 


200,W0 





FARGO GRAVELLY LOAM. 

The Fargo gravelly loam, occupying, as typically developed, the 
extreme western limit of the area, consists of from one to two and 
a half feet of loose black sandy loam with small gravel disseminated 
through it varying in size from very small particles to pebbles about 
one-half incli in diameter. The surface is also generally gravelly, 
though over large areas this feature is absent. The surface soil is 
underlain to a depth of about tlirce feet by a black or gray gritty 
loam, which is in turn underlain by gritty, stiff white or yellow, or 
mottled gray and yellow loam, containing small gravel and fre- 
quently small concretions of iron oxide. This material often grades 
into clay loam or clay at a depth of five or six feet. Local beds of 
crystalline gypsum arc often found at a depth of two or three feet. 
Over tlic surface are scattered local masses of glacial bowlders of 
granite, gneiss, schists and limestone, but tlicse are not numerous 
enough to seriously interfere with cultivation. 

The topography is undulating, consisting of small irreg^ilar hills 
or knolls of small surface area varying in height from about ten 
feet to forty or fifty feet. Between these are shallow depressions in 
the shape of swales or kettle holes. The slopes of these hills are 
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not steep and with very few exceptions are easily cultivated. The 
soil on their summits is lighter in texture than that of the interven- 
ing hollows and contains considerable gravel, while the surface soil 
in the depressions is often very mucky, though not sufficiently pro- 
nounced to be classed as muck. 

This type is well drained, with the drainage eastward, and many 
shallow and a few deep creek depressions traverse it, the majority 
of which, however, are dry during the greater part of the year. 

A few local alkali spots were found in this soil, but none of great 
enough extent to show^ on a map of the scale used. The clay and 
clay loam subsoil generally carry some and often considerable alkali, 
but this does not lie near enough to the surface to interfere with 
plant growth. The subsoil often carries a very large amount of 
lime and when mixed for tests in alkali determinations it gives off 
a strong mortarlike odor. The lime is probably due to limestone 
which has been crushed and ground by the ice, as small gravel of 
this rock of all sizes is scattered through the soil. 

The Fargo gravelly loam is largely composed of glacial till or 
drift, though in the eastern limit of the type the material has been 
reworked by the wave action of the ancient lake. The soil there 
gives evidence of having been considerably washed, and hence there 
is much more gravel and the interstitial soil is lighter than in the 
area farther west. 

This soil is generally adapted to wheat, oats and barley, and dur- 
ing seasons of favorable rainfall good yields of these crops and of 
flax can be produced. The vSoil on the higher elevations does not, 
however, retain moisture well and is apt to be affected by drought. 

Much of this type is still unbroken and unimproved and such 
area5* bear a splendid growth of prairie grass and would be excellent 
for grazing range stock. 

A valley phase of the Fargo gravelly loam consists of from one 
to six inches of black, sometimes mucky, sandy loam, often con- 
taining small gravel, underlain to a depth of two feet by a gritty 
black or. gray loam containing small pebbles up to one-half inch 
or so in diameter. This is in turn underlain to a depth of six feet 
by a gritty, stiff, mottled gray and yellow clay loam or clay, inter- 
spersed with small gravel and usually with small concretions of iron 
oxide. Sometimes the sixth foot, especially in the eastern part of 
the area, becomes a silty loam of the same material as the subsoil 
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The Miami sandy loam is well drained and free from alkali and 
is generally well adapted to wheat, oats, flax and barley. Owing, 
however, to the light and loose texture of the surface soil, of some 
of the areas a plentiful supply of rain is necessary to insure good 
crops. The beaches are generally too light and loose in texture 
and often too gravelly to be of any value for agriculture. 

This is the only tj-pe in which gypsum beds were not found at 
some depth or other. 

Below are given the mechanical analyses of this soil : 

MECIIAXICAI, ANALYSES OF MIAMI SANDY LOAM 
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FARGO LOAM. 



The Fargo loam consists of about six inches of black sandy loam 
of the same character as the surface snil of the Xliami sandy loam, 
underlain with black loam or light day loam lo a dqith of one and 
half feet. Beneath .this, to a ilcpth of two feet nine inches, is a fine 
gray, sometimes silty. loam containing no appreciable amount of 
grit and vcr>' much like the cnrresponding section of the Miami 
black clay loam. This stratum is in turn underlain to a depth of six 
feet with a fine sandy, usually silty. In.am, which is generally mot- 
tled, rontains small concretions nf irnn nxiile. and is of a gray and 
yellow cnlor below the fourth fiiot. 

Small l>eds of gypsum often occur in the second foot, but owing 
no doubt to the hght subsoil tliere is usually no excess of alkali in 
the first three feet. 
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a mottled gray and yellow stiff, gritty loam or day loam, containing 
a large proportion of small gravel. Usualy small concretions of iron 
oxide are present in the soil below the fourth foot. This subsoil is 
much like the corresponding section of Fargo gravelly loam and, 
like it, carries local beds of gypsum. 
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The Miami sanely loam is well drained and free from alkali and 
is gcncratly well adapted to wheat, oats, flax and barley. Owing, 
however, to tlie light and loose texture of the surface soil, of some 
of the areas a plcntilul supply of rain is necessary to insure good 
crops. The beaches are generally too light and loose in texture 
and often too gravfUy to Ix; of any vahie for agriculture. 

This is the only type in \vhich gj-psum beds were not found at 
some depth or other. 

Below are given the mcclianical analyses of this soil : 

MKCilAMtAI. .\\.M.V.-;|:S (IK MIAMI .'SANllV UIAM 
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F.\RGO LOAil. 

Tiic Fargo loam consists of alvuit six inches of black sandy loam 
of the same character as the surface soil of the Miami sandy loam, 
underlain with black loam or light flay loam lo a depth of one and 
half feet. licneath this, to a depth r>f two feet nine inches, is a fine 
gray, sometimes silty, loam containing no appreciable amount of 
grit and very much like the corresponding section of the Miami 
Mack clay loam. This stratiim i-i in turn umlerlnin to a depth of six 
feet with a fine s.^ndy, usually silty, ](>;uu. which is generally mot- 
tlcil, contains small concretions >•] iron oxido. and is of a gray and 
yellow coliir below the fourth fiot. 

Small beds of gyjisum often occur in the scmnd foot, but owing 
no doubt to the light subsoil there is usually no excess of alkali in 
the first three feet. 



SOIL SURVEY OF GRAND FORKS AREA. NORTH DAKOTA 



45 



The drainage of this soil is usually good, and the type is almost 
an ideal one for an alkali district, as the light subsoil allows the 
alkali to be carried away by the underground water, while the sur- 
face soil is heavy enough to retain moisture well. 

This soil occupies the slight depressions and shallow swales found 
in the Miami sandy loam area, and owes its origin partly to trans- 
portation of the finer particles from the higher lying sandy loam 
areas, although chiefly to lacustrine deposit during the early period 
of the recession of the glacial lake. 

The soil is well adapted to wheat, oats, flax, barley and com. As 
its ability to retain moisture is greater than that of the lighter soils 
it withstands drought better and crops are somewhat surer on this 
account. 

The following table shows the mechanical analyses of typical sam- 
ples of this soil : 

MECIIAN-KAl. ANAI.YSKS OF FARGO LOAM 



... 


....»., 


D« crip lion 


E 

5" 




1 


1 


2 




B 

E 

1 

Jl 




1*S7 


■imi1tE.DfNVV.co™i-r 
«c. 15. T. 150 N-, R. 


Light loam. la IS 


1-80 


i 


i.H 


to'.sn 


\i.ii 


16.-.) 




HS8 






. 


s 



MIAMI LOAM. 

The Miami loam consists of from one to two feet of black to 
brown sandy loam of the same texture as the material composing 
the surafce soil of the Miami sandy loam. This material, without 
change in textnrc, grades into a yellow-colored soil beneath which 
occurs about one foot of gray or white gritty loam, often containing 
small gravel. This is in turn underlain to a depth of six feet with 
a mottled gray and yellow stiff, gritty loam or clay loam, containing 
a large proportion of small gravel. Usualy small concretions of iron 
oxide are present in the soil below the fourth foot. This subsoil is 
much like the corresponding section of Fargo gravelly loam and, 
like it, carries local beds of gypsum. 
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There arc rarely large enough areas containing excessive amounts 
of alkali in the first three feet of the schI of this type to be indi- 
cated on a ina|> cif the scale used : that is, there is generally less than 
the minimutii limit of D.VO per cent. The subsoil, ho\ve\-cr, usually 
contains some alkali and often the amount is coiisi<lerablc. 

This soil is found on the slopes of the eastern beaches of the old 
lake and in intervening areas, being typically dcveloi)e(l at Emerado. 
The sandy loam surface is due to transportation and deposition of 
material carried over the beaches by the water during the recession 
of the lake. Some of the areas of the type owe tlieir origin to trans- 
portation of sandy loam and sanil from the top of the beaches into 
the swales between them, the sandy loam Ix-ing really a covering 
over the Fargo gravelly loam. 

The tjijical areas of this ty(K' are well adapted to wheat, oats, 
barley, millet and flax, though the lower-lying areas of the type, 
where the alkaline subsoil is near the surface. <ln not produce very 
good crops. 

Tlie following table gives mechanical analyses of this soil : 
Mi:(nAN-ii:.\[. anai.vsks of miami ui.xm 
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^[[AMI BL.M'K CI-AY I-OAM, 

The Miami black clay loam consists of from one inch to four or 
five inches <)f nuick or mucky luani nmlcrlnin with black loam, often 
of a silty texture, to a depth of from one tn two feet, llencatb this 
is about a foot of fine gray, usually silly, loam that nearly always 
grades into yellow siU loam at abimt three feet l)elow the surface. 
This is in turn underlain to a depth of six feet with a mottled gray 
and yellow silty loam, sometimes becoming a silly clay loam in the 
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fifth or sixth foot. Almost invariably small concretions of iron ox- 
ide occur in the soil below the third foot. It is this iron that gives 
the soil its usual yellow color when a depth beyond the influence of 
dissolved organic matter is reached. The type is very fine in tex- 
ture and usually does not contain a noticeable amount of sand. Lo- 
cal beds of crystalline gypsum often occur and are found at any 
depth in the profile. 

For a <listance of several miles west of Red River there is in the 
surface three feet of the ^liami black clav loam verv little alkali, but 
farther west, as far as the type has been mapi>ed and especially 
around Ojata, where the natural drainage is poor, the amount of 
alkali is considerable. Black alkali was almost invariablv found in 
both the surface soil and subsoil, the quantity varying from a trace 
to 0.05 per cent in the surface f(K)t and usually a little less in the 
subsoil. The black alkali is, of course, not found in areas with free 
gj'psum beds. There was also very often less than 0.20 per cent 
of soluble salt in the first three feet in these places. 

Excepting the alkali areas, the ^liami black clay loam is generally 
recognized as being a fine soil for wheat, oats, barley and flax. The 
type very well withstands moderate drought, the subsoil being 
alwavs in fine, moist condition. It would be an excellent soil for 
celery in seasons of good rainfall. 

The area over which this soil occurs is verv level, broken onlv bv 
a few shallow creek depressions which do not at all interfere with 
cultivation. (See figure OO.) 

This soil is a lacustrine deposit and is the only ty])e in the area 
that has not been modified by other action since the original depo- 
sition. 

The following table shows the texture of this soil : 
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The muck soil is found in many places in different parts of the 
area, the individual areas varying in size from an acre or less to 
about one square mile. The type consists of from one to three feet 
of muck, underlain by sandy loam or sand or, rarely, by loam. This 
is in turn underlain by sandj- loam to a depth of six feet. 

Muck is found in local depressions, such as kettle holes and 
swales and generally along the creek courses and in swamps. It l» 
due to gradual accumulation and decomposition of organic matter 
resulting from the rank grasses which in this area appear to be about 
the only vegetation growing in these swampy places. In the spring 
of the year the areas are usually wet and swampy, but during sum- 
mer they become drj' enough to allow the cutting of the grasses for 
hay. 

No alkali exists in this t}-pe, its absence being chiefly due to the 
the light subsoil, as. aside from percolation downward, these areas 
are usually poorly <lrained. 

UXOERGROL'ND W.VTF.R. 

Xo general relation seemed to exist between the salt content of 
the soil and the water tabic, except where the latter was within three 
feet or so of the surface, when there was generally a noticeable 
increase of salt in the surface foot of soil. 
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The following table shows the results of field analyses of well 
waters in all parts of the area. With but few exceptions the shal- 
low wells contained less soluble salts than the deeper, and especially 
the flowing wells. The alkali content of the last ranged from 420 
to 1,430 parts of soluble salt per 1(H),()00 parts of water, the salts 
consisting mostly of chlorides, with sulphates second. The deep 
and the flowing wells generally contain less of the bicarbonates than 
the shallow wells. 

CHEMICAL ANALYSES OF WELL WATKRS 



li 




1 


l*iirtso(«lIprr 100.000 












=^ 


Lo.=,;on 


^ 


ai 


i. 


-1 




^- 




£ 


^' 


= " 


g 


r" 


„ 






































S.,!.epl.cta,«rap!.5J .. 






















































































"A 


























",'. 












































'i 




















































T, 


'i 






SE: comer sec. b:t: 150 N'.'.R.MW 




























































































































































































































71-0 


M 


318 





and chlciriclci. 
* Flowinc 
f Quanlily not detcrrnincd. 

.ALKALI IX SOILS. 

The map showing the alkali in the soil, departs from the general 
rule of such maps previously made for areas lying in irrigated and 
arid r^ons in one particular, viz, it is based upon the mean amount 

Aft. Col. Sarr—S ■ 
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of salts in the first three feet of soil instead of upon the mean in 
the first six feet. The difference in climatic conditions and the fact 
that shallow-rooted crops form almost exclusively the agriculture of 
the area made it seem unnecessary to use the more extended profile 
in this case. It is even thought that a map based on the, shallower 
borings will be of greater value than one where the deeper subsoil 
was taken into the calculations. 

In the Grand Forks area there is generally enough precipitation 
to prevent the salt in the subsoil from lodging permanently in the 
surface soil through capillary action, and the roots of the crops com- 
monly grown do not usually, perhaps never, reach deeper than three 
feet. The fact that alkali below this depth, or even at two or three 
feet, can have little or no effect on the crop growth was conclusively 
proved by the condition of the crops seen during the survey. Irri- 
gation is not practiced in the areas, and probably never will be ex- 
tensively practiced, so that the vertical distribution of the salts will 
not, as in other alkali areas, be affected artificially, and as long as 
the present method of farming continues in the area there seems no 
probability that the salts in the subsoil will rise. 

A number of determinations were made, however, to depths of 
six and of eight feet, for the purpose of studying the vertical distri- 
bution of the salts in the subsoil. No alkali was found in the Miami 
sandy loam, even at a depth of six feet, and not enough in the first 
three feet of Fargo gravelly loam to map, though considerable quan- 
tities were present in the subsoil. The conditions in the case of the 
Miami loam were similar to those of the Fargo gravelly loam, as 
typically developed, and in these two types alkali would have been 
much more general had the salt map been based on the mean of six- 
foot borings instead of three-foot borings, and the conditions would 
have apparently been much worse than they actually are. Very 
little alkali was found in the Fargo loam in the first three feet, and 
none was found in the subsoil, as this was much lighter in texture 
than the soil. 

The two types containing injurious amounts of alkali in the first 
three feet, as well as in the deeper soil, are the Miami black clay 
loam and the valley phase of the Fargo gravelly loam. As shown 
by the alkali map, the greater part of these two soils carry an aver- 
age of more than 0.20 per cent of soluble salt at soil saturation in 
the first three feet, and if the map had been constructed to six feet 
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the conditions would have appeared worse in practically all parts of 
these areas. 

The worst alkali conditions were found in township 151 N., ran- 
ges 51 and 52 W. This includes most of the strictly lacustrine de- 
posit soils, as the surface soils west of Emerado have been modified 
by secondary deposits since the lacustrine subsoil was laid down. 

Two ways suggest themselves in which the alkali may have orig- 
inated. It may have reached the surface by the capillary move- 
ment of the salt-carrying, deep-seated waters percolating the under- 
lying drift or Cretaceous shales, assisted by the natural pressure to 
which these substrata are subjected, or it may have been deposited 
with the lacustrine material either by being in solution in the lake 
water, which may have been concentrated, or as being originally in 
the soil washed into the lake. It does not appear that the lake wa- 
ter ever reached a high state of concentration and this theory is 
hardly likely, the origin of the lake considered. 

The soil borings can be of little value in determining the origin, 
except so far as they show the constitution of the alkali. Consid- 
erable information on this point is obtained by a study of the table of 
analyses of well waters gplven on a preceding page. It is undoubt- 
edly fair to assume that the relation of the salt constituents in the 
well waters agrees approximately with the solution in the soil from 
which the water is derived. 

The chemical analysis of the standardization solution made in the 
Bureau laboratory conclusively shows the great preponderance of 
the acids to be sulphates, these constituting, in fact, more than half 
of the total amount of salts, with chlorides second, but by no means 
in large quantities. This solution represents all depths of alkali 
soils from surface crusts to soil six feet below the surface. The 
various titrations made on soil samples in all iparts of the area by 
the party in the field also brought out the fact that sulphates were 
generally in excess of any other salt. An inspection of the table of 
well-water analyses will show that the shallower wells, with but 
very few exceptions, show sulphates greatly in excess of chlorides. 

As no method for the determination of sulphate quantitatively 
in the field has been devised, these were estimated by difference. 
The total amount of salt, the chlorides, the carbonates, and the 
bicarbonates were determined electrically and volumetrically, and 
it was assumed that the difference between the total amount of salt 
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and the sum of the other constituents mentioned was equal to the 
sulphates. The results of this method are not, of course, strictly 
accurate, but are sufficiently so for the purpose of discussion, as no 
other salts were reported in the complete chemical analyses made 
in the laboratories. 

By referring to the above mentioned table it will be seen that 
the chlorides and sulphates occur in altogether different relation in 
the deeper wells, and especially in the flowing wells, than they do 
in the shallower wells, i. e., wells with a depth of twenty feet or so. 
There are apparently exceptions, as for instance in Nos. 230 and 
335, but as the surface water was not exduded from the deeper seat- 
ed strata these are of no consequence. The chlorides are in every 
instance in excess of the sulphates in these deep wells, while in the 
shallower wells the sulphates are largely in excess. Considered 
along with this that beds of sulphates, especially gypsimi, are quite 
numerous in the lacustrine deposit and distributed over the en- 
tire lacustrine area — Miami black clay loam and valley phase of tiie 
Fargo gravelly loam — one cannot but conclude that the alkali in 
the alluvial area in the surface soils was deposited with the soils 
at the time these were laid down in the lake, and that the alkali wa- 
ter from the deeper and flowing wells belongs to another formation 
probably the underlying Cretaceous shales. 

With but few exceptions the quantity of salt was found to in- 
crease downward. The maximum found was about three per cent 
in the dry soil, and in the worse alkali districts this quantity was 
found at from three to six feet. No maximum was found in any 
one particular foot section, but when once the three per cent was 
reached there was no diminution. 

Black alkali was very often, in fact generally, found, even in the 
presence of small amounts of sulphates, in both soil and subsoil. 
It was particularly likely to occur in the surface foot, the amounts 
varying from a trace to 0.07 per cent, though this latter figure 
was reached in but one place. As much as 0.05 per cent was found 
in a number of places, but the distribution was not sufficiently exten- 
sive or general to warrant the construction of a separate black 
alkali map! 

Good crops of grain, flax, and millet were often found growing 
on the alkali soils, even where the average amount of salt in the 
first three feet ranged from one to three per cent. This was due 
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often to the unequal vertical distribution of the alkali, the surface 
foot carrying but a small part of the total amount. In arid regions 
such amounts of alkali would with certainty kill any but the most 
resistant salt glasses, and some areas where most vegetation had 
succumbed were found in the area surveyed, while in the worst 
alkali district, in and around Ojata, bare spots were common, these 
containing a surface deposit of alkali, where even salt grasses and 
alkali weeds could not exist. However, very fair crops were found 
to be growing even where the surface foot carried what would 
usually be considered excessive amounts of salt for agricultural 
crops. 

The table on the following page, while not intended at all to de- 
fine the exact salt conditions under which crops will or will not 
grow, shows at least conditions as found in the area surveyed. 

TABLE SHOWING THE RELATION OF THE CONDITION OF GROWING CROPS 

TO THE PERCENTAGE OF ALKALI IN THE FIRST FOOT OF 

SOIL IN THE GRAND FORKS AREA 



Crops 



Condition 



Good Crop Fair Crop Poor Crop 



Killed 



Wheat 



Oats 



Barley 



Flax 



Prairie grass and salt grasses 



Per cent 
0.90 


Per cent 


Per cent 


.39 






.46 




.39 
.46 


0.58 


O.BS 

.84 


.51 




.81 
.43 


.44 

.46 

.87 
.55 

1.50 
2.00 


.70 


.32 

.38 

1.16 


.52 
.64 


1.20 









Per cent 

0.56 

.76 



56 
.80 



There are, of course, different crop conditions with the same 
salt content in the surface foot of soil, as many factors enter into 
discussion, such as late or early seeding, presence or absence of 
favorable proportion of moisture in the soil, etc. As these condi- 
tions were found in the fall of the year when the crops were ma- 
tured there can be no doubt about the observations. It should also 
be kept in mind that in every instance the salt content increased 
in lower depths, the third foot section carrying more than one per 
cent of alkali in some cases where good crops were growing. 

There is but one way to reclaim the alkali flats so that they will 
grow agricultural crops profitably, viz, by draining them artiflc\a.Uv . 
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The subsoil is too heavy in all places to accomplish drainage other- 
wise. The alkali area in and around Ojata could be drained into 
the swamps and shallower creek beds or sloughs found there. It 
would, however, involve quite an outlay of capital, and under pres- 
ent agricultural conditions would probably not be prcAtable. The 
drains, however, would not need to be laid as deep as in the more 
arid regions, as the greater rainfall washes the salts down from 
the surface and it is not necessary to control accumulation through 
evaporation. These alkali fiats are, however, valuable even in their 
present condition, as the native grasses growing on the greater 
part of them make very good hay when properly cured. 

CHEMICAL ANALYSES OF ALKALI SOILS AND CRUSTS 
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Per Cent ->DliiWr 




ir. 30 


3K 


■t-n 
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12 M 





Part of the sodium, varying from 0.24 per cent in sample 7463 

to 2. IT per cent in sample 74(10, was probably in combination with 
organic aciiis. and is therefore not shown in the foregoing table. 



The principal products grown arc wheat, oats, barley, flax, millet, 
and hay. Some vegetables are produced for the market, but not 
much importance is given to this branch of farming. The hay lands 
are confined cliiofly to tho low-lying and naturally swampy areas. 
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Wheat is by far the most important crop g^pwn, and the product is 
very favorably known all over the country for its quality. The 
wheat is all spring sown and of the hard variety. In 1902 there 
was a greater area in the county devoted to wheat than to all other 
crops combined. In the same year flax was second in acreage, it 
having been grown much more generally that year than ever before. 
The increase that year was no doubt partly due to a desire to carry 
on more diversified farming, but also largely to the fact that the 
season was quite late and much of the land not dry enough in 
time to allow wheat or oats to mature. Millet was likewise grown 
more largely in 1902 than in any other year, which was also main- 
ly due to a late spring. These two crops need less time to mature 
than do the cereals, and hence they are sometimes used as emer- 
gency crops. 

Flax, however, is generally conceded to be an unprofitable crop 
to' grow on the same piece of land for more than two successive 
years, owing to a peculiar disease known as "flax wilt." The 
trouble is due to a fungus which appears to be introduced with the 
seed. When affected the plants turn yellow and partly wilt, and are 
considerably stunted in growth. If by chance they mature — which 
a badly aflFected plant does not — the seed is smaller than the average 
flaxseed and of a very inferior quality. There seems to be no rem- 
edy yet discovered for the disease, and farmers are recommended 
by the experiment stations to take great care in selecting their seed 
and to treat it with formaldehyde. The crop is grown almost ex- 
clusively for the seed, nothing being as yet done with the fiber ex- 
cepting a small amount used at Fargo for making hemp. Plans are 
being seriously considered, however, for putting in machinery at 
that place (the plant now is small) which would utilize more of the 
straw and make the industry more general. 

There is but little systematic rotation of crops practiced. A num- 
ber of instances were met with where farmers had planted wheat 
for eighteen or twenty years without any other crop as alternate, 
the only break in the scheme being two or three years of summer 
fallowing. The effect of such constant cropping is quite readily no- 
ticed in some parts of the area, though much of the land continues 
to yield apparently as good crops as ever. When land is considered 
in need of "rest" it is generally summer fallowed. A decidedly 
better plan would be to alternate with hoed crops of some kind, but 
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as the farms are generally extensive in area it does not seem to be 
considered worth while to expend the labor necessary to the produc- 
tion of such crops. More diversified farming could, however, be 
profitably introduced. Similarly little attention is paid to adapta- 
tion of crops to soils, any cfop being planted on any kind of land. 

Plowing is generally done in the fall, often before the grain is 
thrashed. This enables the seeding of the land to be done earlier 
in the spring than when plowing is left until spring, and this is an 
important matter on acqount of the shortness of the growing sea- 
son. It is also a good practice in that it leaves the soil in a bet- 
ter condition for nourishing the next year's crop, as the weather- 
ing processes going on during the winter materially increase the 
available plant food. Especially is this true of the heavier soils. 

The amount of seed sown to the acre varies widely, differing with 
the soil conditions and individual opinion. Any quantity from one 
and a quarter to three bushels of wheat per acre is sown, and ad- 
herents of both extremes claim the better results. Certain it is, 
however, that more seed is needed in late sowing than in early 
sowing, in order that too much stooling may be prevented and the 
crop forced to maturity as early as possible. 

Grain harvesting is done altogether with the binder, and the 
thrashing is done by steam power. Usually the grain is not stack- 
ed, but is hauled direct from the shock to the thrasher. Q)nsidera- 
ble time, trouble, and expense are thus saved; but there is a slight 
loss attending this method, as wheat, especially, will usually sell a 
grade better if allowed to pass through the "sweating" process in the 
stack. It is generally considered, however, that the higher price 
received is not sufficient to warrant the trouble and expense of 
stacking. 

The yields vary quite widely in different parts of the area, even 
on the same soil types, the variation depending on a number of 
factors. It is considered by unprejudiced observers that the aver- 
age yield per acre is about twelve or fifteen bushels of wheat, and 
this is probably a low enough figure. Forty bushels per acre have 
been raised with favorable circumstances, l^adev vields, on the 
average, from twenty-five to thirty bushels, and oats from thirty- 
five to forty bushels per acre. Flax, which is becoming an im- 
portant crop, averages about fifteen bushels per acre. As before 
mentioned, this crop does better on land that has not been seeded to 
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flax for a number of years. An interesting case was met with in 
the area, where a piece of land had yielded twenty-five bushels 
per acre the first year — a big crop — twenty bushels the second, fif- 
teen bushels the third, and about twelve to fifteen bushels the fourth 
year. This, however, was on a choice piece of land, and where good 
care had been given the crops. 

Very little fruit has yet been raised or attempted to be raised in 
the county, the climate being too severe for any but the most hardy 
sorts. 

AGRICULTURAL CONDITIONS. 

The agricultural conditions of the state at large have improved 
greatly and in almost every respect during the last decade. In that 
time the cultivated area and the number of farms have increased 
nearly 100 per cent, the acreage per farm has increased from 277 
to 343 acres, and the value of farm lands, improvements, buildings, 
live stock, etc.. has almost doubled. 

The number of acres in farms in Grand Forks county in 1900 was 
861,872. There were 2,368 farms. The average size of farms was 
364 acres, and the average value of each, exclusive of buildings and 
improvements, was $6,327. About 87 per cent of the farm land in 
the county is improved, and more is constantly being brought under 
cultivation. Generally speaking, the buildings and improvements 
are good, especially on the better lands, and the farmers are well 
supplied with the necessary live stock and implements for the suc- 
cessful operation of their farms. 

The population of Grand Forks county is composed almost en- 
tirely of the farming class, and little interest is taken in stock rais- 
ing except as an adjunct to the economical operation of the farm. 
The proportion of the farmers of Grand Forks county owning farms 
cannot be definitely stated, but for the whrtle state 91.5 per cent of 
the farms are operated by the owners and 7.2 per cent are operated 
by share tenants. This would probably be a very fair estimate of 
the conditions of tenure in the county. Some of the farms classed 
as operated by the owners, especially the larger farms, are in charge 
of managers appointed by the owners. The managers have general 
supervision of affairs and receive a fixed remuneration for their 
services. Quite often farms are operated by the owners and ten- 
ants in conjunction, the tenants receiving a share of the products. 
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Ccmsiderable labor is hired during the busy seasons of the year, 
and especially at harvest time. This being temporary emplo3anent, 
the laborer is paid considerably more than where the service is per- 
manent, $2.50 to $3 per day for single hands being quite common, 
the work being shocking grain, assisting in thrashing, plowing, 
etc. Labor by the month or year is paid much less. According 
to a report of the county auditor, there were employed on the farms 
of the county, in 1901, 1,675 male and 347 female employees. Ac- 
cording to the same authority, the average wages paid were $!^.25 
and $13 per month, respectively. There is very little colored help 
employed in the county. 

The transportation facilities of the county are good. The main 
line of the Great Northern passes through the area from east to 
west, and a number of branches of this system radiate from Lari- 
more and Grand Forks. The Northern Pacific system also touches 
the area, passing through Grand Forks. 

Along the railroads, at frequent inter\'als and convenient points, 
there are small stations, each with from one to half a dozen eleva- 
tors for storing products temporarily to await shipment. Few farm- 
ers have granaries of their own, but deliver their grain to the ele- 
vators immediately after it is thrashed, thus usually disposing of it 
at a lower price than could be obtained later in the year. But as 
the country is practically new and as many of the farmers have had 
to pay for their land in yearly paxTiients, many of them are not yet 
in condition to hold their crop. 

A prominent feature of the agriculture of the county is tlie opera- 
tion of large farms. These frequently range between 1,000 and 
5,000 acres, and in one — the largest in the county, and reported to 
be the largest grain farm in the world — 11,000 acres were sown to 
crops in 1J)02. A movement is on foot, however, to have this place 
divided up into quarter sections and sold to colonists. This would 
introduce a more diversified farming, dairying, etc., and >vould be 
a good thing for the county. Some of tlic other owners of large 
farms are seriously considering doing the same thing, and better 
agricultural conditions will soon obtain if the plan is carried out. 
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SOIL SURVEY OF THE FARGO AREA. 
By Thomas A. Caine. 

Field Operations Bureau of Soils, 1903. 
LOCATION AND BOUNDARIES OF THE AREA. 

The Fargo area lies wholly within Cass county, one of the east- 
em tier of counties, and represents a typical section of the Red River 
valley from the Red River on the east to the highest shore line of 
glacial Lake Agassiz on the west. 

It is confined within meridians ninety-six, fifty-one minutes, twen- 
ty-six seconds and ninety-seven degrees, thirty-two minutes, nine 
seconds west logitude and parallels forty-six degrees, forty-seven 
. minutes, thirty-three seconds and forty-six degrees, fifty-seven min- 
utes forty-seven seconds north latitude, and consists of townships 
139 and 140, ranges 49 to 54 west, inclusive. There are 259,776 
acres, or approximately 406 square miles, in the area. 

HISTORY OF SETTLEMENT AND AGRICULTURAL DEVELOPMENT. 

The first white settlement in the Red River basin was as early as 
1816, when the Selkirk colony, coming via Hudson Bay, settled in 
the vicinity of Winnipeg. From that time until about the middle 
of the century fur trading was the only occupation of the whit^ set- 
tlers of the region. 

In 1851 a few white settlers obtained some land from the Sioux 
Indians for agricultural purposes, but the Indians were so trouble- 
some that these early attempts at agriculture were unsuccessful. 

It was not until late in the seventies, after the Northern Pacific 
and Great Northern railways had penetrated the region, that the 
special adaptation of the soil for wheat became generally known. 
From 1875 to 1885 the settlement of the region was pushed forward 
very rapidly, nearly all of the land in the valley being taken up 
during these years by homestead or preemption claims from the 
government, or by purchase from railroad corporations of land 
which they had roccived from the government as grants. Agricul- 
tural development was very rapid along the main lines of these 
railroads, and branches were soon built which greatly increased the 
shipping facilities of the area and resulted in a great impetus to 
farming. Many settlers flocked in from the older states and many 
came from the Old World, especially from Norway, Sweden, and 
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Denmark. In 1889 Dakota territory was divided, and two states, 
North Dakota and South Dakota, were admitted to the Union. 
During the last decade land values in the area have nearly doubled, 
and the prospects are for still higher values. During the last few 
years more stock has been introduced into the country, and there 
is a strong tendency toward more diversified farming and better 
ctfltural methods. 

CLIMATE. 

Owing to the absence of timber lands and the geographic position 
of the area in the center of a large continent and at a high latitude, 
the difference between the temperature of summer and winter is 
very great. Usually there are only a few days in summer when the 
mercury gets as high as 100 degrees F., and the nights are always 
cool. The seasons are sharply defined. The growing season opens 
suddenly in April, when the surface of the ground thaws rapidly, 
permitting seeding in a few days. Winter is generally ushered in 
by a sudden cold wave in November, when the ground freezes and 
the fall plowing is stopped. 

During the months of January and February the temperature is 
often from 10 degrees F. to 30 degrees F. below zero for days at a 
time, but owing to the dryness of the atmosphere this low tempera- 
ture is not as difficult to endure as a much higher temperature along 
the coasts or lakes, where the humidity is usually greater. 

The region may be classed as subhumid, the normal rainfall being 
about 23 inches. The following table, compiled from records of the 
Weather Bureau stations at Power and Wahpeton, N. Dak., and 
Moorhead, Minn, (across the river from Fargo, N. D.,) shows the 
normal monthly and annual temperature and precipitation : 
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NORMAL MONTHLY AND ANNUAL TEMPERATURE AND PRECIPITATION 




Power 


Wahpeton 


Moorhead 


Month 


Temper- 
ature- 
degrees F 


Precipita- 
tion- 
inches 


Temper- 
ature- 
degrees F 


Precipita- 
tion- 
inches 


Temper- 
ature- 
degrees F 


Precipita- 
tion- 
inches 



January . . . 
February . . 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November . 
December. 

Year.. . 



11.4 


0.50 


9.0 


0.34 


0.9 


7.0 


.60 


9.4 


.59 


4.5 


19.0 


1.59 


24.0 


2.63 


20.2 


41.0 


l.K» 


46.0 


2.45 


41.3 


54.0 


1.99 


58.0 


2.99 


53.2 


66.0 


3.73 


66.0 


4.27 


64.8 


W.O 


3.80 


70.0 


4.;2 


67.6 


67.0 


1.79 


68.0 


2.83 


65.2 


60.0 


1.16 


61.0 


l.U 


56.5 


45.0 


1 35 


46.0 


1.35 


43.1 


28.0 


.61 


26 


.60 


24.2 


13.0 


.82 


16.0 


.35 


11.9 


99.5 


19.32 


41.6 


23.96 


37.6 



0.73 
.83 
.87 
2.28 
2.50 
4.36 
3.91 



2 
2 
1. 



68 
09 
92 
92 
72 



23.77 



A Study of the records of temperature year by year seems to 
indicate that the winters are less severe than formerly, the greatest 
change being in January and February. In those months there has 
been a decided increase in temperature, while in March, April and 
May the difference is less marked, and during the remainder of the 
year the conditions have been more constant. The milder winter is 
a fact well recognized by all farmers who have lived in the valley 
for a score or more of years. 

Owing to the difficulty of getting onto the fields early enough in 
the spring to plow for seeding, nea|:ly all of the plowing is done in 
the fall after harvest. This exposes the black soil characteristic of 
the valley to the sun during the winter months. The rainfall is 
greatest during June and July, the months when it is needed most 
by the growing crops. During January and February, the months 
in which there has been tW greatest increase in temperature, the 
average precipitation is less than one inch. The small amount of 
snow that falls during these months is no longer lodged in the 
prairie gjass as formerly, but is either blown off the plowed fields 
into the coulees or is melted upon the heat-absorbing black soil dur- 
ing the bright days. Before the country was broken up this snow 
was held in the prairie grass. A perfectly black body has the prop- 
erty of absorbing all radiations which fall upon it, and this increases 
its temperature. In the case of a black soil a part of the heat thus 
absorbed is again radiated, while a part of it is conducted away to 
other portions of the soil mass not exposed directly to radiation. 
The temperature of the soil, as a whole, is thus raised, and by 
radiation the soil warms the air to some extent. A perfectlv re- 
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fleeting body, on the other hand, which would in a way be aj^roxi- 
mated by the light-colored prairie grass and the white snow, would 
reflect all the radiation falling upon it without any corresponding 
rise in temperature. This may account for the change in winter 
temperature thought to have taken place in this region. 

The term "killing frost" represents a frost which will kill such 
crops as are generally grown in the valley, and usually represents 
a temperature of 26 degrees F. If fruits or other more delicate 
crops were grown in the valley a higher temperature would have 
to be taken as indicating a killing frost. The average dates of 
killing frosts, based on records covering a period of twenty-two 
years, are as follows: Last in spring, May 14; first in fall, 
September 20. 

PHYSIOGRAPHY AND GEOLOGY. 

In preglacial times there was a broad, well-defined valley, cut 
through the soft. Cretaceous shale, sloping northward from the 
vicinity of what is now Lake Traverse, S. Dak., past Winnipeg, 
Manitoba, to Hudson Bay. 

During Glacial times the bottom of this valley became covered to 
a considerable thickness with glacial debris or till, and when the ice 
sheet retreated northward it became filled with water from the melt- 
ing ice, and a lake was formed, with its southern end near Lake Tra- 
verse, and extending northward into Canada. This lake is known 
as Lake Agassiz. The width varied, but when the water was at its 
highest level the average width was about 45 miles. The great ice 
barrier to the northward would not permit the water to flow in that 
diiection, and the natural drainage during this period was southward 
over the lowest rim of the basin and through Big Stone Lake. 

The melting ice furnished an abundance of water, and rapid 
glacial streams carrying rock fragments of all sorts and sizes, as 
well as finer materials, deposited them in the bottom of this great 
lake. The material carried in by the streams was sorted by the ac- 
tion of water, the heavy sand and gravel being dropped in the shal- 
low water along the shore, there to be reworked by the waves and 
piled up by them into beaches, and the finer materials, silt and clay, 
being carried in suspension and deposited in the deeper water. 

When the climate became warm enough to lower the ice dam be- 
low the level of the southern outlet of the lake, the water again 
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began flowing northward. The different beaches along the bottom 
of the old lake represent the different levels at which the water stood 
while the ice dam was being thawed away, and finally, when the ice 
was entirely removed, all but a portion. Lake Winnipeg, which was 
below the natural drainage channel, became dry. 

The old lake bottom is now one of the most productive wheat- 
growing regions in the world, and is known as the Red River Val- 
ley, taking the name from the Red River of the North, which flows 
through it northward into Lake Winnipeg and thence through the 
Nelson River into Hudson Bay. 

The Red River Valley is remarkably level, having a continuous, 
uniform slope northward of about 1 foot to the mile. The river 
itself flows along the lowest portion of the plain, and is very slug- 
gish and meandering in its course. For the first 10 or 15 miles 
east and west from the stream the country rises imperceptibly, the 
average elevation being about 1 foot for every 5 miles. 

The area surveyed comprises a typical section of the Red River 
Valley, extending from the Red River at Fargo westward Ijeyond 
the highest shore line of the ancient lake. For the first 15 miles or 
so west at Fargo there are only about 3 feet difference in elevation. 
In the next 10 miles there is a gradual rise of about 8 feet to the 
mile. From Wheatland to the western edge of the area, a distance 
of 8 miles, there is a gradual rise of 22J^ feet to the mile. From the 
Red River at Fargo westward to this point, a distance of 35 miles, 
there is a difference in elevation of 238 feet. Fargo has an altitude 
of 900 feet. 

The highest shore line of the lake is represented by an abrupt beach 
which crosses the area at Magnolia in a northeast-southwest direc- 
tion. The glacial till area to the westward is characterized by its 
rolling surface, made up of low hills, knolls, and kettle holes, and 
by the presence of rocks of all sizes strewn about the surface and 
disseminated through both soil and subsoil. This glacial till area 
passes under the lacustrine deposits to the eastward at a gentle 
angle. In several places in the western part of the lake area the 
knolls and hills of the underlying till come so » close to the surface 
as to appear in the borings and along streams and in road cuts. 

In places the distinct beach which passes through Wheatland ap- 
pears to be made up largely of an escarpment of glacial till. At 
Casselton, 7 miles farther east, the underlying till is covered with the 
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lake deposit to a depth of 70 feet. At Fargo the till lies more than 
100 feet below the surface deposit of lacustrine silt and clay. 

While the surface of the lowest portion of the valley is practically 
flat, there have been some marked changes since the original deposi- 
tion. For example, the Red River and its tributaries, the Sheycnnc 
and Maple rivers, have cut channels into the silt and clay, and dur- 
ing freshets have overflowed, building up the lands immediately ad- 
joining, which now are higher than the country a few miles away. 
This higher ground, both because of its looser texture and its better 
condition as to drainage, is more satisfactory for farming than the 
lower ground. The deep black soil characteristic of the middle 
portion of the valley doubtless results from peculiar conditions once 
obtaining in this lower lying area, which for many years after the 
recession of the lake was an extensive marsh. 

The rocks from which the soils of the valley were originally 
derived can be seen in the lake beaches, and consist largely of 
granite, gneiss, limestone, and, to a small extent, of Cretaceous shale. 
But the latter rock has entered into the composition of the soil to 
a much greater extent than would appear from its relative propor- 
tion in the beaches, for it is very soft and much more; easly ground 
to a flour by the glacier than the harder granite, gneiss, and lime- 
stone. Chemical analyses of the water from the underhing 
Cretaceous shale and a field analysis of a piece of pulverized shale 
taken from a well shows that it is quite alkaline. The fact that the 
alkaline rocks of the Cretaceous formation have entered largely 
into the composition of all the soils of the region accounts for the 
presence of alkali in all parts of the area. 

SOILS. 

Eight distinct types of soil were recognized and mapped in the 
Fargo area: The Marshall clay, I'argo clay, Miami black clay 
loain, Miami loam, ^Marshall gravelly loam, Marshall loam, Wheat- 
land sand, and Wheatland sandy loam. The last-named t^-pe is un- 
modified glacial till ; the other types are composed of the materials 
of this till sorted by water and more or less modified by weathering. 
The soils owe their distribution largely to the action of water, either 
of the jii^acial streams flowing into Lake Agassiz or of the lake 
itself. Thus, along the ancient shore is found a beach composed of 
coarse sand and gravel. Just east of this is found a sand classed 



SOIL SURVEY OF THE FARGO AREA 



65 



and mapped as Wheatland sand. Toward the middle of the lake 
occur the soils classified as loams, clay loams, and clays. 

The regularity of the separation, sorting, and deposition of the 
glacial till material was more or less interfered with by the fact 
that as the ice sheet retreated to the north the lake stood at lower 
levels. These levels are represented by several parallel beaches. 

The area of the several soil types is given in the following table : 

AREAS OF DIFFERENT SOILS. 



Soil 



Acres I Per cent 



Marshall clay 

Miami black clay loam. 

Fargo clay 

Wheatland sand 

Wheatland sandy loam. 



76.800 
74 m) 
40,000 

16,7GM 



29.6 

1.').4 
11 4 

6 r> 




Acres ■ I'cr cent 



Miami loam 

M arshall loam 

Marshall y;ravt*lly loam 
Total 



11,968 

7, 6H 
2,688 

259,776 



4.6 
2.7 
1.0 



MARSHALL CLAY. 

The soil of the Marshall clay is a jet-black clay loam or clay from 
IS inches to 2 feet deep. The subsoil is a grayish-brown silty clay^ 
or clay extending to a depth of G feet. From 6 to 9 feet the texture 
remains the same, but the color changes. When exposed to the 
air the subsoil breaks up into thin flakes resembling shale or slate. 

This type occurs in large bodies in the eastern part of the area, 
principally between Maple River and Red River. The areas upon 
which it is found are a little higher than the Fargo clay or **gumbo" 
areas, but the differences in elevation are slight and the surface may 
be considered level. The condition of the ^larshall clay has been 
greatly improved in recent years by the construction of 
ditches along the roads of every section line. The most desirable 
phase of this tyi)e is found along the rivers where the ground is a 
little higher and the drainage conditions are better. This type is 
purely a lacustrine deposit, but perhaps somewhat modified by the 
overflow of rivers subsetjucntly to the time when it was laid down. 

No injurious amounts of alkali were found in the first '^ feet of 
this soil, but the alkali increases in the lower depths and excessive 
amounts were often found in the sixth foot. Traces of bicarlK)nates 
and some sulphates were usually found in the surface foot. 

The Marshall clay is recognized as one of the strongest soils of 
the area and as well adapted to wheat, oats, barley, flax, and corn. 
Because of its somewhat imperfect drainage it can not be seeded 
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as early in tlic sprinf^: as can tlic litjhtcr types to the westward, and 
consequently the cn;ps mature later nn this snil. 

The foll«)\viivi^ table j^ives mechanical analyses of tyjiical samples 
of this soil : 

MIX HANK AI. WAI-VSKS OV MA US MALL «. LAV 






No. 



L<iralit> 



lU-'«cri;t:i.i:i 




— ^ T. w 



845' N\V. c«.r. soc. 24. Kei-.l 

Tp C.iy l.-».VT.Ot>24 iju-l.* :..3l Ir 4.04 »5.:.0 ll.H' II oO 39.38 2T.J0 

Hi'VJ NK. ct»r. "51 c. •^*«. l!.irnt's 

, Tp litMvvcI.ix '••a:y.. to '^4 

_ . i..i»'t< "• 4> (X j4 1 36 6 N>10 92 I9.»30« 

847)0' Far Ko I'la^'k «'i.iv 'n.i:*'. tn W 

■ iiitrhr-; ' ',7'.' 74 T 7* T 74 HI :«*« T.4'< 33.H^.S1.94 

SI-VJ Suh>oil of >»4.'il I*r.»\\ n c".. \ . -4 to 40 

. iiulii-i 1*:: I*' If- ?\ 2..> 4 -iO 57.00 WW 

84">iiSijbMMl.>f J*45*» l":a\.»»M7-.'iri'^.i-. i r »>' li« ."_•>• 1 Hi L' "JO »>.« S^'-SS 

S454 SuIimmI i^f '»4:i;j ',» iro\ r:..\ . •:4 :... IP iv.-h* - 1' .00 .W .4» 1 iS' LMl^ 36.S0 >.T6 



Tlif killouiiii.' <<:i:i;plc"« c.^Tit-Ti:;*.-! '•> :o t"; ;-i ir.r \\ ■; ; v i.-- n: nt vm'o'.i"'. carNnnaic iCaC 'a^: 
No. »4.V-*. 7.77 p^T cv.\\x\ No. ^ii^. 1 J> pi-r oiti.. N". **■"•». 1:' ^i" j-t «.tn:. Ni-. "4.''«<5. 14.'i!* iier cent 

FAR<.7i» tr. \V. 

The l-'arcro clay onsis's of ipmu <i :-> 1 I inches of heavy black 
dav, un^lerlain hv i^rav or Miu- clav .a* the <anK- lentiire to a depth 
of •'» feet, l-'roni *» to V feet \\ \< ■: >i!i]v»<e.l i'f a nii'Jttle'l c:: ray -brown 
and vellow clav identical with tl'.e ct^rre>T>i ndinir sectitMi of Marshall 
clav. \\'he!i wet this t\i>e ;<: verv w:»\v an ! cmi^mv and has an 
oily fcvl. It is excee'lin|nfl\ siij'jxTy r.n«ler f' i-i and t»ften slicks to 
the wai::»in wheels in <i:ch ;|'i'.an:i:ies that thry present the ap]">earance 
of mud di>ks. l^iirins:: ih.e wet season^ it is a common sisrht to see 
i^reat jiKs k\{ this ivn.l. «^.r "c^uvl.u*'* as it i< called, al^^np; the roads, 
whv-re the fanrers liave st<-!^pe'.l t » dean their wai::iMi wheels. When 
dry ihi> <■ il c:in ni»t be tnrne-l by the plow, which either rides on 
the sv.rface or pii>he< t" «'1K' <ide nr ahead 'n" it cemented portions 
\\\ tl:e <■ il S'lr.etirr.es a var-l acri'-^s. W'h.en wet it is also difticnlt to 
cultivate, as it <iick<: t"^ th.e j'low. 

The rar-:::'! clay i^ f«>nnd in all parts i»f the area froni the Red 
River westward t«' Wheatland. It is not foun 1 west y^\ this villaji^e, 
the soils there iK^in^^ lisjhter and the drainai^^e more ]"»erfect. This 



SOIL SURVEY OF THE FARGO AREA 67 



type is always found in depressions, and, owing to the impervious 
nature of both soil and subsoil, water often stands upon the surface 
for weeks after a copious rain. The largest areas of the typ>c are to 
be found Ix'tween the Red and the Maple rivers in the vicinity of 
Fargo and Hag^art, but small patches of it may' be seen almost 
everywhere associated with the heavier types of soil. 

Alkali is always present in this soil, but usually not in injurious 
quantities. Except in a few isolated patches excessive amounts 
were not found in the first foot, but in the second and third feet the 
increase was usually quite marked. In nearly all cases the average 
for the first ."> feet was between O.l") and 0.*J0 j)cr cent. A few 
isolated spots, not larj^^e cnoiiij^h to Ik? mapped on the scale used, 
were found where th.e average oi the first )> feet was as high as 
O.iO per cent. If an average- for the first <5 feet had Ix^en taken 
instead of ihc first .') feet nearly all the areas W'.nild show a salt 
content of about n. 10 per cent. The greater abundance of salts in 
the Marshall clay is the result of accumulation by leaching from 
higher lying lands. The peculiar waxy, gummy characteristic of 
the .soil, it is suggested, may be due to the presence of small amounts 
of bicarbonates. The experiments of the college farm at Fargo 
show that by surface drainage, deep plowing and turning under 
coarse manures these texiural peculiarities can be considerably 
modified. 

This soil is regarded as one of the stn>ngest and most productive 
in the area when the season is favorable. Tlie great difficulty is to 
get the seed in early enough in the spring and to keep the land from 
flooding and from baking after rains. Crops are often injured as 
niudi by the baking of the .^oil after a rain as by a flood. Under the 
present im|)erfect condition of drainage, it is only about one year in 
five that the season is such as to give the best crops from this type. 
As a result these lands are held in low esteem for general farming. 
When seeded with l)ronie grass, or covered with natural prairie 
grass, they are excellent for hay and pasture. 

The following table shows the texture of the soil and subsoil of 
this type as determined by mechanical analyses : 
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HAXICAL AXALVSEP OF EAROO CLAY 



fill Is II 



I, 

If 



fiilj Tp. Clly. Olgi;. 



"""tp""..?^'. ''.""""' IHMlicli).lHt.i;;n;hf*iW i; M .n 3 40 6.70MiMl.» 

B«tSSubMiiIi]i»Wt Oiy. oa>» «hrn >kc!, li : 

to*linr>iirs I &• T' .n TO !« i.l^T.MUM 

HMfiubjoiloiSO ttaij. impirviou* c^ii. _ ^_ _ 

liioMinchtf ;".' .00 .» .» l.», * ll>S.«t«.!i 

The ioIUmyiri sir^plis eonmrci more thin OTie-hi:f pei err.: . i cileium rirtwn jle CaCOt ' 
No- **i», S,»; jer ceni: No, M-W, iW p.r ,:ent. 

MIAMI BLACK CL-VV LOAM. 

The siiriact *oil of the Miami black day l.iasn ci^sisis of about 1* 
iiiche:; of hoavv gray or black K^aiii. lighitr in texture than the mate- 
rial of tho Marshall clay. Thi-; i? unJcrlain by a sihy clay loam to 
a depth of .li'i iiiclKS. beneath which occurs a clialk -colored material, 
slightlj- coar.'Svr in texture, aii.[ reaching to a depth of <a feet. In the 
lower ilepth.* this light -colore J niaierial beco:i'.e* yellowish owing 
to the presence of iron oxiile. Small beds of gypsum often occur in 
the second f<.'"it, 

Thi? Soil t>-pe is found in a large, contimioiis body which extends 
across the area in a mirtlieast-soiKhwesi direction fr-:"!!! the \icin;ty 
of Maple River westvvard nearly :■.■ Wheailand. From the extreme 
eastern limit to the extreme western linii: "f the type there is a 
difference iti elevation of nearly i!'^ feet. This gives a gradual rise 
of al*>i!t >'• feel to the mile, s-t that the drainage c-inditions are more 
favv.rable than in any of the types to tlie easuvarii. Because of this 
aii-i of the r.-.'-re porous nature .>f the subs-^il, water se'.dom stands 
up.-:! tl'e s::rface I-'Ug n: -ugh to cause :n".'.ry to growing crops or 
t- rctar I c"":ivati-y.. T:;:s s.;! retains ir.v istv.re we:i and gives it up 
::: ::re ■■; \': wz''- w::e:: :'::: crowing crors r; st nect it. The soil 
is :y;':ca"y vievi-: ;■<.■■; in ti-.e regions :; rth ar! s-?-.:th ■-: Cassehon. 

T Ti 'e:':;i ■■ : '■ :Vv: ;:"e:-e are :;■■' i!i.H:r: ■■::* anvrtir.ts of alkali in 
ci:!:.- - i! ■" s;:bs> :'.. fV. w tiia: 'itpth the a:"0"jr.: sometimes 
V- :-:vi C' r.ii !vraKe. A trace of b!ack a'.kati wa* found in the snr- 
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The Miami black clay loam is the soil which has contributed most 
to tho fame of the Red River Valley as a wheat-growing district. 
As developed in this area, it seems esijecially well adapted to this 
crop, although in the Central West it is considered a typical com 
soil, much less desirable for wheat tlian some of the prairie t>'pes. 
The rigorous climate of the Rod River Valley is less snited to the 
production of corn than of wheal, and this fact has tended to limit 
the use of the Miami black clay loam to wheat production. 

The extensive development of the Miami black clay loam in the 
\'alley. its gcnerall}' smooth surface and good drainage, all favor Hie 
most extensive nietliods of farming, ami there arc prot»ahIy no wheat 
farms in the world larger than those fi.nmd in tlie Red River Valley, 

The production of corn on this typo is increasing, and it is thought 
that uhimately an early -ripening variety will l)e estal)!ished and the 
risk of damage from freezing rc<Iuccd to such a degree that corn will 
form an important crop of tlie area. Large yields of Irish potatoes 
can l>c produced on this type, but this crop is at present grown only 
for Imme consumption. 

The following table gives" mechanical analyses of typical samples 
)f this soil : 

MEUIIAXIC.M. AXALVSKS OK MI.\MI III.ACK fl.AY I.IIAM 
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MIAJII LOAM. 

i loam is cumposeil of about 30 inches of heavy, rich 
oam.wimewhat similar in texture to the surface material 
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of the Miami black clay loam, grading without a perceptible change 
of texture into a grayish-yellow clay loam or clay. Below the third 
foot the soil retains the yellowish color, and sometimes becomes a 
trifle sandy. Iron oxides arc often ])rcsent in the lower depths and 
crystalline gypsum is frequently found in the second and third foot. 

This tyjxi includes an area from \ \ 1 to '2 miles wi:le, extending in 
a northeast-southwest direction along the eastern border of the 
distinct beach which ])asses through Wheatlantl. It is bordered on 
the east by the Miami black clay loam. The area covered by this 
type slopes gently toward the east, the inclination being sufficient to 
insure good drainage. This fact, together with the richness of the 
soil and its somewhat pomus nature, makes it one of the most 
desirable types in the Red River X'alley. It can be seeded or 
planted irrespective of wot weather, and the jiorous nature of the 
soil allows the moisture below to rise by capillarity in times of 
drought. 

With the exception of a few siM.)ts, this type carries less than the 
minhnum, O/.M) j)er cent, of alkali in the first W feet. The alkali 
content increases in the k)wer depths, but is not high enough to 
injure plants in any of the first (i feet. The few spots where the 
injurious salts are found in excess are close to the sand l)each form- 
ing the western l>oundary (^f the type, and seem to be due to saline 
sj)rings which ooze out of the sand and gravel. With the exception 
of a narrow strip in sees. W and 10. Cill township, these areas 
were not large enough to be shown on a map of the scale used. 
They usuallv range from a few s([uare rods to ? acres in extent. 

The tyi)ical areas of tlie soil are well adapted to wheat, oats, 
barley, corn, millet, and flax. During dry seasons the crops suffer 
to some extent fn^n the efiVcts of alkali. 

The following table sliows the texture of the s«>il an<l subsoil of 
this type : 
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Ml-XHASICAL ANALYSrCS OF MIAMI I 
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.M.VHSIIAT.L GRAVELLY LOAM. 

The Marshall gravt-lly loam is conipost'd of about I'i inches of 
heavy black sandy loam, nndorlain by 2 feet of coarse grnvei resting 
on a coarse sand extending; to a depth of fi feet ornioro. The most 
abundant rock constitiu-nt of the gravel i-s liniestono. There are 
also present considerable (]nrintitics of granite and other crystalline 
rock fragments, and a few fragments of Cretaceous .shale. 

The type represents beaches formed during the recession ot glacial 
Lake Agassiz. These beaches cross the area in fairly well defined 
lines in a northeast-snntlnvest direction. In places they are broken 
down or obliterated, while in other places they appear like escarp- 
ments of glacial till niodifieil by the action uf water. Jn some 
places there are considerable ([uantitics of large glacial bowlders 
strewn over the surface, but these are n^t unmerons enough to 
serionsly interfere with cultivation, and in innst areas they have 
been gathiTol intci pile*. Where the railroads cut these beaches, 
large 'inantilies of s;nid and gravel have l>cen taken nut f'>r nsc 
ainiig lb.- tracks. Thf materials are also used llirnughnut the coun- 
try- inr buililing purposes. 

T-^xcept in very wet seasons the crop yields on this type are very 
liglit, owing lo the excessive drainage resulting from the gravelly 
nature of the snbsoil. The areas occupied by this type are narrow, 
Usually no more than 00 rods wide. 
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The followins table gives the mechanical analyses of t>TMcaI 
samples of fine earth of this soil : 

MKCIIAMC:.\L ANAI.YSKS 111" MARSUAM. <;RAVEI.I.V I.OAM 
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The following lamplis conliinc.I more tlian ont-hali u.r ccniol calcium c»rlionate(ta".<"i): 
No. SHI. (.» per cent: N'u. UX. :i.U v'r cent, 

MAUSIIAU, LOAM. 

The soil (if the Marshall Inam cojisisls of a dark -colored loam 
which grades into grayish-iinnvn loam at almnt i^ inches Ix-low the 
surface. This is nnderlain by a gray silt or clay loam or clay con- 
taininfi some (irit and reaching to a depth of -I feet. Relow the 
fourth fool the textnre rcniains the same, hut the color changes 
from grayish to yellowish. l!dinv the second foot the materials arc 
very similar to those oi-cupyinfj the ctirrespondinj:^ section of Miami 
black clay loam. 

This sriil occupies the i>latcau area, extcuding in a northeast- 
sonthwcst direction, in a bndy about '.' miles wide, across Wheat- 
land and Clill township. It is bounded on the east by an ancient 
heacli and on the west by the pently rising area occupied by the 
sandier type of soil, the Whcatl.and sand. Some of tt is in a slight 
itepres'iion. but the [porosity of the subsoil ami the K''*f<l natnral 
drainape m;ike it di'sirable tor all farm crops, ft is a little more 
subject lo drought than the Miami loam. The chief distinctions be- 
tween the Marshall li-aui and the Miami loam are that ibe latter has 
a deeiHT soil and is not so subject to ilrought. The crops yield a 
little belter also, and altogether the Miami loam is recognized as the 
more desirable type, .\long the western edge of the Marshall loam 
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irea, where it comes in contact with the Wheatland sand, there are 
jeveral patches of ground, usually not more than a few square rods 
^r at most a few acres in extent, upon which oats, wheat, corn, flax, 
ind other crops, after germinating and beginning ah apparently 
liealthy growth, arc soon dwarfed and killed, while the closely ad- 
joining crops present a healthy and vigorous appearance and on ma- 
:uring give a satisfactory harvest. These spots are usually moist, and 
in dry weather a considerable crust of alkali can Ix* seen. They are in 
the lower places, and where the underlying glacial till is only a short 
distance below the surface and are caused by the rise of the alkaline 
ivatcrs from the glacial till and the accumulation of the salts on 
the surface by evaporation. A field analysis of the soils in these 
;pots shows that the chlorides predominate, but that considerable 
piantities of sulj^hates and some bicarbonates are also present. 

This soil owes its origin partly to the transportation of fine sand 
Tom the higher lying Wheatland *^and to the westward and partly to 
:hc overwash of the beach to the eastward during recession of the 
*Iacial lake. A little crystalline gypsum is found in some of the 
ircas, usually not far beneath the surface, while at lower dej)ths iron 
>xi(lL-s are usually present. 

The ^farsl^all loam is recognized as a good, safe soil, regardless of 
vet or dry seasons. Tt is a better soil for all farm crops than any 
ypo in the area farther west, but the yields are not quite as large as 
)n such types as the ^Fiami loam and the Miami black clay loam, 
ivhich have heavier subsoils. On the other hand, it is more easilv 
A'orked. It is well adapted to wheat, oats, barley, corn, flax, Irish 
potatoes and truck crops. 

The following table gives the mechanical analyses of typical sam- 
ples of this soil : 
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The Wheatland sand was formed bv wave action, in shallow wa- 
ter, during^ the recession of the ancient lake. Throughout the type 
are several low beaches, often only a few feet high, and upon the 
crests of these beaches the soil is usuallv too loose and sandv to be 
of value under the present conditions of agriculture. This type is 
the lightest soil in the Fargo area an-i needs much rain to insure 
fairly good crops. Tlie crops arc sometimes blown out by strong 
winds. 

With the exception <»f some limited areas along the eastern border 
of this soil, it is freer from alkali than any of the other soils. The 
limited areas alri-ady mentioned art* cl(\sely associated with the alkali 
spots refcrr<.d to in iIk' descrijJtirjn of the Marshall loam, and are 
confmed to the lowest pt^rtions of sectinns *is, .*)'2 and X\, Wheatland 
townshij). A tit-Ul analysis (»f soil fn.nn these spots showed that 
the\' contain iniurious (iuantiii<.-s of both bicarlv mates nnd chl<»rides. 

In growing wheat this soil usually j)roduces a good growth of 
straw, but the plants do not head well and the yield is light. It is 
well adapted to pasture and grazing. 

The following table shows the texture of typical samples of fine 
earth of this soil : 

MFAIIANICAL ANAl.VSKS n\- WMKATLAXn SAND 
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wiii:at[..\xi) saxi»v loam. 
The Wheatland sandy loam is com]K)sed of about fourteen inches 
r>f f lark-brown sandy loam, underlain by a loam which at a depth of 
c:i>r feet or more rests uj^on a grayish-yellow or yellow glacial till. 
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Throughout the subsoil occur small rock fraginents, var\'ing from 
the size of a pea to that of an egg. In the second and third feet 
gypsum often occurs, and in lower- depths concretions of iron oxide 
are usually present. Often the surface is strewn with gravel, espe- 
cially on the crests of the prairie swells. Glacial Iwwlders of lime- 
stone, granitd, gneiss and schist are abundant in places, though not 
usually in sufficient quantities to interfere with cultivation. 

This type is found in the extreme western part of the area out- 
side the limits of the territory once covered by Lake Agassiz. It 
extends westward past HufTalo. wliere the surface becomes more un- 
dulating. There is a grachial rise of about twenty feet to the mile 
toward the west, and the drainage is better than elsewhere in the 
area. In places there are many swales and kettle holes, with knolls 
and hills rising above them. Some of those places arc filled with 
water the year round : others have a thick <lei>osit of muck. None, 
however, were large enough to be shown in a map of the scale used, 
most of them l>eing only an acre or two in extent. 

Xo injurious amounts of alkali were found in either .*ioi1 or sub- 
soil to a depth of three feet, but several six-foot and nine-foot bor- 
ings were made, and in these lower dejiths the alkali is sometimes 
found in considerable (|uantities. A few low spots contain so much 
alkali that nothing will grow, but these s]^ots are usually not more 
than one or two rods across. 

When the dry season is not too long the Wheatland sandy loam 
is a fairly desirable soil fi^r general farming, as l)oth soil and sub- 
soil arc of such a texture as t<^ retain moisture well and to supply 
it to growing cro])s in time of drought. The soil varies according 
to location. On the crests of the prairie swells it is somewhat more 
sandy and gravelly than in the depressions, where the texture is de- 
cidedly more l(\imy. The soil in the lower places is regarded as 
more desirable when the seas(^n is not too wet. 

This type is made up wholly of glacial till and is esteemed a 
stronger and safer soil than the Wheatland sand. Hut, like the lat- 
ter, considerable of it is still unbroken and is useil only for the pro- 
duction of wild hay and as pasture. This type produces fair crops 
of wheat, oats, tlax, barley and corn. In the nK>re loamy places it 
is found to be remarkably well adaj)ted to Irish potatoes and other 
root crops. 
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le following table shows tlie texture of the fine earth of soil and 
3il as cletcrminod by mechanical analysis: 

MKCHAXK'AI. ANALYSES OV WHEATLAND SA:*DY LOAM 
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DRAINAGE. 

If most important problem in the Red River valley and the one 
hich the farmers ari' taking the keenest interest, is the problem 
rainage. Westward from the Red Kivcr to the Maple River, in 
stance of fifteen miles there is only a difference of three feetin 
ition. Then- are approximately S.'i.OOO acres of land in this 

iilKin which the water from the melting snow often does not 
off or soak into the ground soon enough to permit seeding at 
proper time in the spring. The subsoil is heavy, gummy, and 
-Tvious to water. This, together with the fact that the frost 

is from fi-s-e tn eight feet below the surface, would make un- 
Irainage very ilifficuh, if not impossible. Some farmers "mml 
their crt>ps : others arc not able to do even this, the land being 
oft that it is unsafe tu put learns on it. "Mudding in" crops is 
" unsatisfactory, because after it is done the groimd liakes so 
I that a great deal of die seed never conies up, or is "choked off" 
r it <loes come up. . 

I seeding time after a copius rain all farm operations have to be 
poned from a week to ten days, while the water gradually soaks 
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into the {xr^annl or slowly drains off. The seriousness of all this is 
more fully realized when one takes into account the shortness of the 
growinj^^ season in Xorth Dakota, and also when one sees the disas- 
trous effects of standing water n|)<»n j^jrowinj^ crops. In the area 
under di^^cussion, under the j^resvui imperfect conditions of drain- 
ag'e, it is only abuit one year in five that ]xiyinj:: croys are harvested. 
It slumld he kr|)t in mind that the>e v,et areas, indicated on the soil 
maj) as the I'argo clay, are not altogviher unproiluctive, but under 
favorable conditi«»ns produce the largest yields of grain of any soil 
type in the Red Kiver valley. I hit the uncertainty of yield has lei! 
to the abandonment of these land> by n^osl of the original owners, 
and at present it is often inujo^sible rven to find tenants willing to 
cultivate them. The Uw Itmisi-s in this regit )n are tumbling d'nvn. 

m 

the yards are growing up in v,ee Is, and the general apix-arance oi 
things is in markrd C'lUrast with tlu- pro<]>erons ap|H*arance of tk 
farms on the adjarcnt higher lying and better drainecl areas, in-li- 
cated on tlie soil ma]) as the M:ir>lian clay. An unfortunate fea- 
ture is that these lands are ti|Min the market for speculative piirptises i 
and are (|Uoted as high as the Ix-st lands adjrMuing. The unac- , 
qtiainted buyer who comes into the country with an honest intentiou 
of making it his home is often tleceived. being led to Ix^lievc that 
all Red River valley land is the same. 

There are several cause*^ f«»r the present unfavorable condition ot 
drainage in the Retl Kiver valley, the i.rincipal luies being the level -^ 
ness of the country and the lack of fall in the Red River itself. I^ 
should be kept in mind, ton. that the river flows north, and conse-' 
fjuently the (lifference in time when the ice breaks up in its lowef 
and its u]>]»er courses tends t^) hold the water back. Another thincj" 
which checks the flow of the stream is the cnx»kedness of its chan- 
nel. As a residt, the river rises, backs u]) its tributaries and frc- 
fjuenlly the latter fn'ertlow their banks and flood the fields. 

( )bvionsly, mnn can not regulate the jHTioils at which the ice 
breaks up in the lowi-r and upi)er courses of the Red River, nor 
wouUl it be ]>racticrd)]e to attempt lt» deepen the channel ; but cnoug"!! 
renMins to be di»ne to greatly improvi' the present conditions, and 
the fertility nnd importance f^f the region to be benefited warrants 
the expenditiu'e of a large sum of nmney. For example, where the 
channel is so crooked and meandering as to retard the river's flow. 
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could bie straightened so as to give the water a free course. An- 
ther important move in the control of the river, and one which has 
sen under consideration for some time, is the construction of a 
orage reservoir in its upper course. During the spring freshets, 
id until after the ice had broken up along the international bound- 
rv line and bevond, this could be used to retain the water, which 
mid then Ix* let otT gradually. 

The most practical scheme, however, and the one which would be of 

Tiniediate and probably of ])ermanent relief, would be the construc- 

ion of deep canals from the rivers io the undrained areas. In this 

natter the consideration of most vital importance is whether the 

[all between the undrained areas and the rivers i«; sufticient to carry 

off the water 'in case canals are constructed. I'Vom observations 

made durinc: the survcv and from an examination of the records of 

previous years' floods the conclusion is that such a scheme is en- 

tirelv feasible. The main reason whv drainajire bv this means has 

not been successfully established in the past is that it is too big an 

undertaking for private perscms and needs stale or national aid. 

The record of the stages of the Red River at Fargo show that 
during the month of April the mean height of the river is approxi- 
mately thirty feet below the level of the prairie. The undrained 
areas are from two to four miles west of the river, so that this would 
give a fall of from seven to ten feet per mile. Tt is believed that this 
15 sufficient provided the canal were about twenty-five feet wide and 
fifteen feet deep. In this connection it might be well to state that 
the wnter tnble in this nart of the Red River valley is about twenty- 
two U^9t below the surface, so that there is no danger of encounter- 
WJT it in a fifteen foiit ranal. Along the Shevenne river, in the 
vicinitv of Haggart. the conditions at first sight (\o not seem so 
favorable, l)ecause the nnan heitrbt of the river during the month of 
April is only about eight feet below the level of the prairie, but as 
the nndrained area east and west of the river is only from 1 to 2 
niiles off. this gives nearly as great an average fall per mile as in 
the. area near the Red RivcT. A canal dug from the Shevenne at 
Hajj(r;irt directly west for three nu'les to the large coulee would not 
^ly drain the wet area directly west of the river, but by deepening 
fte coulee which goes southwest into Durbin township the large wet 
'fea in the vicinitv of Durbin would also be drained. 
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The chief purpose of these canals would not be to carry off the 
water of spring freshets, but to furnish a ready outlet for the water 
which accumulates in these low places after heavy rains. In the 
higher lying areas, indicated on the soil map as the Fargo clay, 
there is a road along every section line and a ditch on each side 
of the roads. After a heavy rain the water of these areas finds 
a ready outlet through the ditches, and often this water accumu- 
lates in the lower areas, converting them into sheets of water 
and drowning out the crops. Ijy the construction of canals the 
waters of the higher areas would Ixf afforded a direct course to 
the rivers. Then by the construction of roads and ditches along 
all the section lines of the low, wet areas the rain water would 
have a free course through the ditches and canals into the fivers 
also. It has been demonstrated by the experiments on the 
college farm at Fargo that the first requisite in reclaiming the low, 
wet lands is drainage, and that then by deep plowing and careful 
methods of cultivation the "gumbo" properties of this soil gradually 
disappear. 

ALKALI IN SOILS. 

All the soils of the area contain some alkali either in the soil, the 
subsoil, or in still lower de]nhs. The "gumbo" areas and an area 
of low, sandy country west of Wheatland, occupied by the Wheat- 
land sand and the Marshall loum, are the only areas which contain 
injurious amounts of alkali in the first three feet. 

It was found that in the "gumlxi" or I'^argo clay areas the surface 
foot was comparatively free from alkali, while in the sandy area, 
referred to alx)ve, the injurious alkali was either upon or near the 
surface. This was found to Ix^ due to the fact that in the case of 
"gumlx>" there is no percolation upward of soil moisture because 
the soil is too im])ervious, and hence there could be no concentration 
near the surface by evaporation. In ilry weather the surface of the 
heavy soil bakes and cracks up int(> irregular pieces. In the case of 
the sandy area the water table is only fnun six to fifteen feet below 
the surface ; sufficiently near for ca])illary forces to bring the under- 
ground water to the surface. The worst alkali conditions were 
found where the water tablv was nearest the surface and where the 
soil was also sandy and porous. Wells in this vicinity are com- 
monly so alkaline that the water can not be used for drinking pur- 
poses. 
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V^Lir crops were seen growing upon the Fargo clay when the aver- 
age for the first three feet was as high as .35 per cent alkali, but 
with the greater amounts in the second and third feet, while in the 
sandy area west of Wheatland the grain was killed when the aver- 
age for the first three feet was only .20 per cent alkali, but with a 
concentration in the first two or three inches. 

Injury from alkali is very largely a matter of seasons. If it hap- 
pens to be wet at seeding time and continues so until the crops get 
»a good start there is apparently no injury. On the same piece of 
ground the crops may be entirely killed the next year if the soil is 
very dry at seeding time and the alkali is concentrated near the sur- 
face. 

In the case of the ^Marshall clay the alkali content gradually 
increased downward to six feet, with apparently no concentration in 
any particular foot section, while in the case of the sandy soils west 
of Wheatland the alkali content decreased until there was often 
alrrost none at nine feet. Xo borings were made deeper than nine 
feet. In the higher lying areas of the Wheatland sand, where the 
water table was far below the surface, the soil was often free from 
alkali, and only a very little was found in the lower depths of the 
subsoil. In all other types in the area the alkali content invariably 
increased in the deeper subsoil. 

There seems to be no relation between the proportion of alkali 
in the soils and in the water of wells, except when the soils are very 
porous, as in the. case of Wheatland sand, and the water table is 
only a few feet below the surface. 

Along the foot of the old beach w^hich passes through Wheatland 
there are several small spots w'hich are so badly alkaline that the 
crops usually *'burn out." Only one of these spots was large enough 
to map on the scale used. These spots are the result of the seepage 

Under the present methods of farming, where land is so plentiful 
and where everything is done on such a large scale, the alkali will 
never be a serious problem. Nothing has ever been done to remove 
from alkali springs at the bottom of the old beach. 
it, and very little is said or thought about it. The all-important 
question over most of the area, and the question which is being 
seriously considered, is how to drain the low, flat lands in the 
vicinitv of the Shevenne and Red rivers. 
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AGRICULTURAL METHODS. 

The carlv settlers of the Red River \'anev were surrounded bv 
conditions very different from those in almost any other part of the 
country. There were no rocks to be removed and no forests to be 
cleared. The settler had simply to bnild his sod house ani bam. 
turn up the rich, level prairie soil, and sow his seed. 

When the special adaptation of the valley for wheat became known 
the region leaped into prosperity, and the land values — a few dollars 
an acre a g^eneration ago — have steadily increased to an averasre of • 
S35 an acre at the present time. Xo other portion of the country 
could compete in wheat production with this region, because of the 
cheapness with which this crop could be produced and the vast scale 
upon which it was grown. The gradual extension of the wheat- 
growing region to other p«>rtions of the northwest and the lower 
Canadian provinces has made the supply greater and the prices 
lower. The continual growing of wheat for twent}' years has in 
most places decreased the yield from the soil about one-half. These 
conditi(^ns are forcing the fam^.ers of the region to adopt better 
methods. 

Since its introduction tlax has been one of the most profitable 
crops in the area, and es[>ecially so upon new land. It has been so 
profitable that farmers have been known to pay for their farms with 
profits from two crops. During the past few years, however, the 
crop has l)een seriously affected by a fungous disease popularly known 
as **flax wilt." The disease has been studied at the experiment sta- 
tion at Farjjfo. and the ex|)enments, together with a study of the 
conditions in other tlax-growing countries, show that the plant can 
not l>e pn>fitably produced year after year upon the same Ipnd. 

The sprea<l of the disease to new lands can be avoided by tiic 
si^lection of healthy seed and by the treatment of all seed with a 
solution of fonnaldehyde. As yet no method has been found to do 
away with the fungi after the soil has been infected. In Russia and 
r>elgium, where the plant is extensively grown, a period of from 
seven to twelve years is necessary between the crop^s if this disease 
is to l>e avoided. Crops in closer succession become wholly worth- 
less on accoiuit of the disease. 

A considerable revenue is now obtained from the sale of flax 
straw, where formerly it was burned after threshing. The farmers 
haul the straw to the mill at Amenia, or at Fargo, where it brings 
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p2 a ton. It is drawn to market in the winter when the roads are 
iiard and at a time when farmers have little else to do. The mills 
dispose of their product in the east, where it is used larg^ely in the 
[nanufacture of paper. 

During the last two or three years macaroni wheat has been grown 
:o some extent; and, although the price is lower than that for the 
standard varieties grown in the area, the fact that the yield is about 
)ne-third larger is making the variety popular. 

On the loamy types of soil where the drainage conditions are 
favorable Irish potatoes do remarkably well, sometimes yielding as 
ligh as 200 bushels per acre. As yet they are grown only to supply 
ocal markets, thoug:h a few shipments have been made to southern 
states for use as seed. 

The climate and soil is well fitted to the production of nearly all 
cin-ds of late vegetables. Celery docs very well, and, judging from a 
tew sugar beets grown in gardens, it would seem that there is a 
j^ood opportunity for the introduction of that industry. 

Strawberries, gooseberries, raspberries, and currants, provided 
hey are sheltered from the winds by hedges of golden Russian v/!l- 
ow, Norway spruce, soft maple, poplar, or in fact any kind of 
ree that will endure the climate, can be profitably produced. There 
s no one thing which is needed more or which would be of more 
value to the area than trees. Along the Sheyenne river in the 
vicinity of Haggart, where there are many large native trees, the 
weather in winter is much milder. In the midst of these trees a few 
apples and plums are being successfully grown, largely because the . 
young trees are protected from the cold winds and the blossoms are 
not blown off in the spring. 

Corn has been introduced and acclimated to the short growirg 
season, and is now one of the important crops of the area. It is 
Ucually rotated with wheat, the latter producing greater yields and 
t)cing freer from weeds if sown after the cultivated crop of corn. 

Thronjr'"out the area there is a general lack of care in plowing and 
in preparing the seed bed. Plowing is usually very shallow, and 
this has decreased the productiveness of the soil. The practice of 
plowing a little deeper every third or fourth year and bring up an 
inch or so of the new soil to the surface to be acted upon by the 
weather and soil bacteria, is the most satisfactory method. It is 
best to plow in the fall and harrow immediately, so as to fill up the 
large air spaces and prevent the furrow splice from drying out. If 
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this is (1(MU'. till' soil will settle down sufficiently during the winter 
and spring; months to establish good capillary connection with the 
snhsoil. 

No cdniiucrcial fertilizer has ever been used in the area, and here- 
tofore the opinion has prevailed that barnyard manure was more 
injurious than l>cneficial to crops. Where coarse manures are 
turnotl xwuWv thcv often have a tendency to make the soil too dry. 

mm • 

W'luMi wrll-n^ttod manures were turned under they often had a tcn- 
(Umu\v to make tho growth of straw so large that it would lodge be- 
fiu'o harvesting. During the last few years, however, it is found 
that cro]\s are greatly IxMiotited if well-rotted manure is spread on 
the ploweil gnnuul in the fall and allowed to remain there all winter. 
It is oiicn advisable to rake up and bum the coarse Htjer in the 
spring at seeding time. A great deal of manure in the area is still 
\\a>ted. as formerly, by InMug dumped into the sloughs or drawn out 
in ]Mles and burned. 

.vr.RicrLTrRAL conoitioxs, 

I'he ohiet* resources of the area are found in its ver\" productive 
soil. ON)Hviar.\ as adapt cvl to the pnxluction oi g^rain. On the better 
t\pe< vM' >oi! a!u*. where :he farmers have paid attention to business 
r.***>t o!" t!u":* ?v»\e lH\'o:v.e indepen !en:]y wealthy. In most cases 
:1k*\ v\;::":o '/^.io :Vx* Cv^*.::i:rv wheu •: was new and either acquired 
:^c V *.;•.*,■> •:.'*': y^e c 'ver:vv.e::: as ^o•re^:eads or purrfiased them 
x'l\\;;\\ !"!\ •*' x^::'vT <e::\T< w^o l\i.l ::v.:> .'^biaine*! iheni. A large 

V '-x : • : w V .; ! : ;: , : V. o 'v : • re . :\-. s no: been made off the 
.;:::■*./. "s" v/.so f !rir..: \-alues, which have 

\ "^'•v,>^ ■ • .". :\ A **.;'> :■ aSx:: S;*."* an acre at the 

. : '\' u '• ,'. ■''. 'v.' •.-.:■ :' >: ''. *:<**ir value in the future. 
\ >K« '. .» ;'■>' . — s ,-.'. v ••: ' V. •.••;?>"!:> who spend no part 
\ ^>/ ■ \ ■ ' .\s :. .-: \.v. ; :'-:ir rr-oerty in the hands 
*^ ^ , ^ -V ,' -.- ' -.-■: :'•-— ::r ca>h or on shares 












.-.r-^^^. ilthrjgh a few 
-• -i were generally ac- 

"> -hi .>ii numbered 
-:r.: as a sciisrdy to 

— i r^rrrur: tract the 
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two largest holdings in the county are one at Casselton, containing 
13,000 acres and another at Amenia, containing 20,000 acres. The 
former is operated as a single farm, while the latter is owned by a 
company and leased on shares to tenants, no single tenant being per- 
mitted to work more than one section. In the vicinity of Fargo and 
Casselton the farms are larger than around Wheatland, and the 
average size of the farms throughout this area is about 600 acres. 

As a rule the present land values of the area are on a legitimate 
basis. In a few localities where the drainage is very imperfect the 
land values are a little higher than the present conditions would 
seem to warrant, but on the whole there is bound to be a healthy in- 
crease upon the present basis. Some of the best farms are mort- 
gaged, but these mortgages are held by, local investors. In this 
portion of the northwest farm mortgfages indicate prosperity rather 
than adversity. The farms that a score or more years ago were too 
large for the poor farmer with his large family of small children are 
now too small for the grown-up boys. The family spreads and the 
boys marry and buy adjoining farms. The father gives them a 
start with a few hundred dollars, to which they add their own sav- 
ing's. A part is paid down for the farm and a mortgage is given 
for the remainder and in the majority of cases with care and indus- 
try it is only a few years before the boys have clear titles to their 
farms. 

The question of labor is one that is continually causing dissatis- 
faction among those who are operating large farms. One reason is 
that the poor man of enterprise and push will not remain a day 
laborer long because of the opportunity of his getting land and start- 
ing a home of his own. Men with enough money to make a small 
payment and sufficient stock and machinery to start work have been 
known to pay for a half section of land in two years. At the pres- 
ent time men of no money or stock and machinery, but with a repu- 
tation for honesty and industry, usually have no trouble in obtaining 
a farm with buildmgs, stock and machinery, and are given plenty 
of time in which to pay for them. The usual method is by *'crop 
payments," giving one-half the crop each year until the indebted- 
ness is canceled. Upon such terms with ordinary seasons and in- 
dustry a man with one or two boys old enough to work can get clear 
title to a half section in less than ten years, provided the farm is 
boated upon such types as the Miami black clay loam or the Miami 



86 AGRICULTURAL COLLEGE SURVEY OF NORTH DAKOTA 



loam. By a process of natural selection these conditions hai 
as laborers a class of unmarried men who are usually rather 
sirable. In the winter they divide their time between the 
cities and the himber camps of the middle west; in seedingfJ^ 
harvest time they migrate to the grain-growing communities j 
demand exorbitant wages. The farmer who has to hire is at 
mercy and must pay at least $2.50 a day for common labor, 
furnishing board and lodging. It is often impossible to obtain 
at $3 a day. Upon the whole, the present dissatisfaction wdth 
is having a salutary effect upon the country and matters are 
ally adjusting themselves. Farming on a large scale is de< 
because of the lower prices for grain, the inefficiency of labor JW 
the high wages demanded by it. The large farms are being COfPp 
to furnish homes for the many, farming is becoming more div< 
and better methods of cultivation are being introduced. 

Wheat, flax, barley and oats have been and are the chief pi 
of the region. The heavy loamy and clay soils of the valley arc 
ognizcd as being especially adapted to those crops and the seas( 
favorable. Formerly it was believed that the seasons were too 
for corn, but a variety has been acclimated to the region andj 
thousands of acres of it are grown yearly. Corn and badey ai 
ing grown more and more every year, and hogs are being 
This is an industry which is becoming important. Last year 
carloads of hogs were shipped out of the Red River valley 
Minneapolis, St. Paul and Chicago markets. 

The transportation facilities of the area are very good, the 
line of the Northern Pacific passing through its entire length 
east to west. A branch of this road, known as the Fai 
Southwestern, runs from Fargo to Lisbon, crossing the souths 
part of the area. The main line of the Great NoililBI 
crosses the area at Fargo and a branch of that line crosscl|it 
Casseltoh. Along these roads at intervals of about five miles ift 
sidetracks with platforms and at many of these shipping points Attne 
are elevators for storing grain. Many farmers load their gfltti 
directly into cars from the platforms, while sonic store it ii thcffc- 
valors to await future shipment. 
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SOIL SURVEY OF JAMESTOWxX AREA. 
Hv Tho>!as a. Caix!-: and A. E. Ko:'ni£R. 

( Field operations, bureau of soils. 1903.) 
LOCATION AND BOUNDARIES OF THE AREA. 

Tlie Jamestown area is located in the east central part of North 
Dakota and comprises parts of Stutsman and Barnes counties. It 
is included within meridians 98 degrees and 98 degrees, 53 minutes 
and 31 seconds west longitude and 4G degrees, 48 minutes and 15 
seconds and 4(1 degrees, 58 minutes and 41 seconds north latitude 
and is made up of townships 139 and 140 north, ranges 58 to 65, 
incUtsive, west. 

The area has an extent of approximately 4!)() scjuare miles, ( r 
o 17.7(10 acres. 

HISTORY OF SETTLEMENT AND AGRICULTURAL DEVELOPMENT. 

The experiences of the early settlers of the area were similar to 
those of all the early settlers of the northwest. The earlier per- 
manent settlements were made in 1871, after the Northern Pacific 
railroad had penetrated the region. In 1872 the city of Jamestown 
was founded by the railroad company. Stutsman county was organ- 
ized in 1872 under the laws of Dakota territorv. The first actual 
settlements in Barnes county were not made until 1877 and the fol- 
lowing year the county was organized with Valley City as the county 
seat. Prior to 1880 the growth of the town was slow, on account 
of the embarrassment of the railroad and because of other draw- 
backs w'hich retarded the settlement of the surrounding country. 
The very earliest settlements were scattered and for the most part 
of a transient nature. The long, rigorous winters, the lack of fuel 
and the blizzards of the early days were hardships hardly appreci- 
ated by those now living under the modified conditions of climate 
with better facilities for obtaining fuel. But from the beginning the 
growth of the region has been a healthy and vigorous one. The 
sturdv, industrious class of farmers w-ho came from Scandinavia 
have done much to bring the region into prominence. 

In 1887 a general immigration set into the territory as a whole 
and the location and productiveness of the area surveyed attracted 
its full share of newcomers. In 1889 the states of North and South 
Dakota were created out of Dakota territory. From 1880 to the 
present time the history of the region has been one of growth and 
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prosperity. The lands which were either taken up under the 
homestead act or purchased from the railroad corporations for a 
nominal sum, have steadily increased in value, and during the past 
few years have doubled and in some cases trebled in value. In the 
eastern part of the area the present average price per acre is $25. 
In the vicinity of Jamestown the average price for the prairie soil 
is about one-third lower than at Valley City. 

CLIMATE. 

Owing to the absence of forests and the geographic position of 
the area, in the center of a large continent, and about equidistant be- 
tween the north pole and the equator, the difference between the 
temperature of summer and that of winter is very great. Usually 
there are only a few days in summer when the mercury gets as high 
as 100 degrees F., and the nights are always cool. The seasons are 
sharply separated. Spring comes by a sudden transition in April, 
when the surface of the ground thaws rapidly, permitting seeding 
in a few days. Winter comes on by a sudden cold w^ve in Novem- 
ber, when the ground freezes and stops the fall plowing. 

During the months of January and February the temperature is 
often from 10 degrees to 30 degrees below zero for days at a time, 
but the dryness of the atmosphere makes this low temperature no 
more difficult to endure than a much higher temperature along the 
coast or lakes, where the atmosphere is damp. 

There is a considerable difference in precipitation between the ex- 
treme eastern and the extreme western limits of the area. The rec- 
ords of the weather bureau station at Jamestown cover a period of 
twelve years and show that the average yearly precipitation is about 
eighteen inches. The year 1899 was an exceptional year, when the 
precipitation was as low as G.75 inches. In 1896 the total rainfall 
was also exceptional, when it reached 33.09 inches. Although the 
records at Valley City are incomplete, it is pretty well established 
that the average yearly precipitation is about twenty-one inches. 
The chain of lakes in the vicinity of Sanborn seem to affect the con- 
ditions of |)rccipitation, for east of these lakes the precipitation is 
practically the same as at Valley City, while west of them it is about 
the same as at Jamestown. The subsoils east of the lakes are a trifle 
heavier and therefore better able to r(^tain moisture. These are facts 
well recognized by the farmers and all lands east of the lake chains 
are held at from $5 to $10 more an acre than those to the westward. 
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The presence of so many native trees along the Sheyenne River is 
also believed to have something to do with the greater precipita- 
tion. 

The following table gives the normal temperature and precipita- 
tion, so far as available, from the records of the weather bureau sta- 
tions at Jamestown and Steele : 

NORMAL MONTHLY AND ANNUAL TEMPERATURE AND PRECIPITATION 



Month 



Jamrstown 






<9 

"5.1 ^ 
a 5 o 



Steele 



t I V. 



c« 

** , tfi 

'S. *' 

.2"cJ= 

U o ^ 



Month 



Jamestown 



^ 3 fc 






Steele 



V I y 



2 « 



January . . 
February 

March 

April 

May 

June 

July 



90 


53 


8.0 


0.^ 


9 


.56 


7.0 


.S6 


' 19 


1.00 


15 


.66 


42.0 


2.21 


4L0 


1.65 


^.0 


2.98 


54.(1 


2.44 


a<s.o 


4.21 


ftS.O 


S.42 


70.0 




68.0 


2.76 



August 

September 
October.... 
November . 
December. 

Year.... 



67.0 


1.28 


66.0 


58 


.93 


58.0 


46.0 


.53 


41.0 


2i.O 


1,15 


25.0 


16.0 


.74 


14.0 


.^.7 




38.3 



2.20 
.76 
.39 
.59 
.24 



15.79 



The winters are less severe than formerly, the greatest change be- 
ing in the months of January and February. In these months there 
has been a decided increase in temperature and a slight increase in 
the months of March, April and May, while during the remainder 
of the year the conditions have been more constant. That the win- 
ters are milder now than formerly is a fact well recognized by all 
farmers who have lived in the valley for a score or more of years. 

Owing to the difficulty of getting onto the fields eafly enough in 
spring to plow for seeding, nearly all plowing is done in the ia'i 
after harvest, thus exposing the characteristic black soil of the 
region to the sun during the winter months, while in the summer 
months the growing and maturing crops represent more nearly the 
original prairie condition. This is doubtless one reason why there 
has not been so great an increase of temperature during the summer 
as in the months of January and February. The rainfall is greatest 
during the months when it is needed most by the growing crops, 
namely, in June and July. During January and February the aver- 
age precipitation is less than one inch. The small amount of snow 
that falls during these months is not lodged in the prairie grass as 
formerly, but is either blown off the plowed fields into the. coulees 
or is melted upon the heat-absorbing black soil during the bright 
days. Before the country was broken up the snow was held in the 
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prairie grass, the light-colored grass and lighter-colored snow tend- 
ing rather to reflect the sun's rays than to absorb them. The con- 
clusion is that the change of temperature is due to the exposure oi 
so much black soil to the sun during the winter months. 

On the whole, the length of the growing season seems to be a lit- 
tle longer and therefore the conditions are getting more favorable 
for corn. This change may be ascribed to the same cause as the 
milder winters— the exposure of the black soil to the sun. While it 
is well known that a black soil radiates heat as. rapidly at night as 
it absorbs it during the day, it should be remembered that in this 
northern latitude during the spring, summer and fall there are more 
hours of sunshine per day than in latitudes farther south. 

The term ^'killing frost" represents a frost which will kill such 
crops as are generally grown in the valley and usually represents a 
temperature of 24 degrees F. If fruits were grown in the valley a 
much higher temperature would doubtless be regarded as a killing 
frost. 

The records for the past several years show the average dates of 
the last killing frost in spring and the first in fall to be as follows : 



Last in 
spring 



First in 
fall 



[amcstown. 
jteele 



June 1 , Sept. n 
May 27 I Sept. IS 



PHYSIOGRAPHY AND GEOLOGY. 

The entire area was covered with ice during the glacial period. 
One can form a better idea of this period if he thinks of a great 
mass of ice flowini^ (ir shoving its way across the country from north 
to south, carrying with it large quantities of granite, gneiss, schist 
and limestone from Canada, planing off the hills and filling the val- 
leys with the material of the hills. This was not a condition j>ecu- 
liar to North Dakota, but common to the northern states from North 
Dakota to Alainc. When this great mass of ice retreated or thawed 
away, the jc:roinKl-np rock fragments which had been carried along 
by it were left as a mantle over the ^ylaciatccl region. The thickness 
of this mantle of glacial till, as it is commr)nl\' called, varies in dif- 
ferent parts of the glaciated region, but in the area surveyed tN 
avcra<j;'e thickness is less than 100 feet. 
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riic topography of g'laciated regions varies from comparatively 
level to hilly and broken. With the exception of the morainic 
^ills south of Sanbcrn the surface in this arcn ir.nv Irj classcvi ai 
level prairie. It is characterized by its gently undulating surface, 
made up of a succession of low hills and knolls and shallow depres- 
sions, with a few glacial bowlders and some gravel strewn upon the 
surface and disseminated through both soil and subsoil. 

From the extreme eastern to the extreme western limits of the 
area, a distance of forty- two miles, there is a gradual rise west- 
ward of about 125 feet. This gradually rising and gently undulat- 
ing prairie is broken by two deep gorges, where the James and Shey- 
enne rivers have cut their channels. The waters of the former 
stream eventually reach the Gulf of Mexico, while those of 
the latter flow into Hudson Ray. The divide between these two 
systems of drainage crosses the area at Eckelson. Jamestown, on 
the James River, has an altitude of 1,400 feet and is llo feet below 
the top of the prairie, while Valley City, on the Sheyenne, has an 
altitude of 1,221 feet and is over 200 feet below the prairie. The 
lowest point in the area is 1,200 feet above sea level, while the 
highest point is on the terminal moraine south of Sanborn and has 
an altitude of 1,G00 feet, so that there is a range in elevation of 400 
feet in the area. 

The James and the Sheyenne rivers are now small and sluggish, 
and it was during the glacial period, when they were swollen with 
the waters of the melting ice, that their deep gorges were cut. The 
bluffs along the James are made up -entirely of glacial till, the 
underlying Cretaceous rock of the county being exposed only in the 
lower places along the stream. These blutfs are characterized by 
their serrated appearance and also by the fact that their steep sides 
are strewn .with glacial bowlders of all sorts and sizes. The bluffs 
along the Sheyenne river have an entirely different appearance. 
Their tops are capped by only a thin mantle of g'lacial till. The 
line of separation between this till and the underlying Cretaceous 
shales can be traced by the difference in vegetation above and be- 
low the line. Above the line the bluffs have the appearance of those 
along the James, being serrated and covered with glacial bowlders, 
and because of the slight rainfall and extreme conditions of drain- 
age, devoid of all vegetation except a scanty growth of grass. Be- 
low the line the numerous springs which come out on top of the 
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Cretaceous shales furnish sufficient moisture for a natural vegeta- 
tion of oak and other hardwood trees. 

Between the James and the Sheyenne rivers are several dry water- 
ways which cross the area in a north and south direction. None of 
these waterways are more than 40 feet deep. They are fairly well 
defined and doubtless served as avenues for carrying off a gresit deal 
of water from melting ice to the northward during the glacial pe- 
riod. Some of these old water courses are cut into the underlying 
Cretaceous rock, and they may represent preglacial channels that 
were not so completely filled with glacial material during glacial 
times but that they still served to carry off the water from melting 
ice. Water has not flowed through these valleys within the mem- 
ory of man, and they are now entirely dry, except in the depressions 
which are considerably below the natural avenue of drainage. Wa- 
ter usually collects in these depressions, and often a series of lakes 
may be traced along these old water courses. Such a chain consists 
of Fox, Rose, Goose and Mud lakes. 

The lakes mentioned above have no outlets and their waters con- 
tain a great deal of alkali. Goose and Mud lakes are very shallow 
and often become dry by evaporation in the summer. The alkali, 
which was in solution, is then left as a white deposit along the 
shores and dry bottoms of these lakes, but when the wet season re- 
turns these salts are again taken up. If the waters of these two 
lakes were drained off and the salt not allowed to accumulate, their 
mud' bottoms would probably become valuable for the production of 
hay. 

A characteristic of all these lakes is that they have a distinct 
fringe of sand, gravel and bowlders along their shores. This was 
such a distinct feature and so nmch ground was covered with shore 
bowlder-chains that it was indicated as a distinct type^in the soil 
map. Its origin can be traced to the sand, gravel and'waterworn 
rocks and pebbles strewn along old water courses. The sand and 
gravel along the lakes are composed of this material sorted by wave 
action of existing hikes, but the long Hne of accompanying bowlders 
is acouiited for by a different phenomenon. During the intensely 
cold winters these shallow lakes freeze to their bottoms. The rocks 
and bowlders in the bottom arc frozen into the ice. Large cracks 
appear in the ice and during the warmer days these cracks are filled 
with water, which freezes and expands. The result is a pushing of 
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the ice upon the shores and the carrying of the rocks a little farther 
shoreward with each successive winter. The finer material along 
the bottom is also frozen into the ice, and when the ice breaks up in 
the spring it is carried along in the direction of the prevailing wind. 
The sand and gravel thus accumulated are reworked by the waves 
and piled up by them, forming beaches. 

SOILS. 

The location of the area about midmay between the lands used 
exclusively for grazing and those used for grain growing makes it 
representative of the types of soil and the conditions of climate over 
a very large and important part of the state. 

The following chapters give a description of the soil types met 
with in the area and the appended tables shows the extent of each 
of these types and the proportion which each bears to the total area. 

AREAS OF DIFFERENT SOILS 



Soil 


Acres 


Percent 


Soil 
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Per cent 


lllarshall loam 


206.9*6 

17.408 
5.632 
5.120 


65.1 
13.2 
9.5 
5.5 
1.7 
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Hobart clav 


4.992 
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317.760 
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\f arshall silt loam 
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Sioux 6ne sandy loam — 
Miami black clay loam... 
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MARSHALL STONY LOAM. 

The Marshall stony loam has an average depth of about seven 
inches of drak-brown, loose, sandy or gravelly loam. Occasionally 
there is present an admixture of considerable clay loam, and again 
the interstitial material may be almost wholly coarse sand. The 
surface soil is underlain to a great depth by unmodified glacial till 
Disseminated throughout both soil and subsoil and scattered in large 
quantities on the surface, arc glacial bowlders of all sorts and sizes. 
This tvpe is in nearly all cases associated with the abandoned water- 
ways and with the moraines which are scattered over the entire area 
but are especially nunicrous south of Sanborn. It also occurs as 
narrow areas encircling Miami black clay loam. Here the soil rep- 
resents beaches of old lakes or ponds. 

This type is also found on the sides of all the serrated bluflfs of 
the James river and on the sides of the deep coulees which lead into 
this river. Along the Sheyenne in the vicinity of Valley City and 
to the southward this type is found only on the tops of the bluffs. 
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the lower part of the bluffs being composed of the Cretaceous 
shalos. On the river northwest of the town the glacial till has been 
spread as a mantle over the entire bluffs from top to bottom and 'n 
such locations the conditions are the same as those on the sides of 
the bluffs of the James river. 

The moraines represent places where the edge of the melting ice 
sheet stood for some time. The character of the material thus accu- 
mulated varies. Sometimes it is quite sanely, nearly always it is 
very stony, while occasionally it is very nearly the same in texture 
and appearance as the Marshall loam found on the level prairie, but 
because of the slight rainfall, and owing to its elevated position or 
its great j)orosity, it is too dry to be of arty great agricultural value 
except as pasture. 

South of Sanborn some of the morainic hills mapped as this t>'pe 
rise to an elevation of 200 feet above the surrounding prairie. The 
subsoil in some of these hills is not unlike the soil on the level prai- 
rie, but the soil on their steep slopes has been so washed that noth- 
ing but the coarser constituents are left, the finer particles having 
been carried down into the valleys between the hills. Occasionally 
fair crops are grown about half way up the sides of some of these 
hills, depending upon the season and the local conditions of mois- 
ture, but considerable areas are of no value except as pasture lands. 

A j)hase of the Marshall stony loam consists of a dark-brown or 
black loam, with an average depth of twenty inches, underlain by a 
subsoil of coarse sand or gravel. As in the type riverwash the sub- 
soil often persists to a great depth. Disseminated throughout the 
soil and subsoil are large glacial bowlders. In the soil there is usu- 
ally present considerable organic matter derived from the luxuriant 
grasses which grow in such locations. In the lower depth of th« 
subsoil, at alx)ut fifteen feet below the surface, there is often one of 
two inches of bluish-gray silt or clay. 

This phase is found in the bottoms of the "dry waterways" whicl^ 
were avenues for the water from melting ice in glacial times. F*^ 
differs from the riverwash chiefly in that the latter is found ir^ 
hip^her locations and is dry throughout the year and therefore of lit — ' 
tie agricultural value except rs a scanty pasture. It differs from th^ 
areas mapj^ed as meadow in that the latter are too low and marshy 
to be of much agricultural value under present conditions. 
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In all cases the surface soil of this phase is a wash of the finer 
sands and silts from the higher surrounding prairie and is a veneer- 
ing over the wash left at the close of the glacial period. In a few 
locations the lowest slopes of the typical Marshall stony loam have 
been vt-necrc:! over by a wash from higher grounds. As in the case 
of the typical stony loam, there are sometimes numerous large bowl- 
ders protriiding above the surface. 

This phase of the Marshall stony loam, occupying as it does the 
lower, but not the lowest parts of the old water courses, usually con- 
tains plenty of moisture during the greater part of the year. In 
times of excessive rain, however, it is usually very wet and occasion- 
ally flooded, while during the long-continued drought it may become 
very dry because of the lo<5sc, porous nature of tlie subsoil. Be- 
cause of this and because in some locations there are injurious 
amounts of alkali, it is not a desirable soil for cultivated crops. The 
type seems usually- well adapted to grains and pasture and is used 
almost exclusively for these purposes. It would doubtless be better 
if no attempt were ever made to put this type under cultivation. It 
is now one of the most valuable types in the area for grass, and 
since so much of the prairie has been broken and the prairie grass 
destroyed tlicre is an increasing demand for hay. 

The following table shows the texture of samples of the fine earth 
of the Marshall stony loam: . 

MECHANICAL ANALYSES OF MARSHALL STONV LOAM 
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MARSHALL SILT LOAM. 

The surface soil of the Marshall silt loam consists of a dark-brown 
to black loam with an average depth of ten or twelve inches. The 
subsoil is slightly more silty and clayey in texture and varies in 
color from dark brown to brown, usually becoming yellowish brown 
in the lower depths. 

Scattered upon the surface and disseminated through both soil 
and subsoil, are fragments of rock varing in size from fine gravel to 
large glacial bowlders. These, however, are not so numerous as in 
the case of the Marshall loam. 

This type is typically developed on the level prairie about 200 feet 
above the Sheyenne river, in the vicinity of \'alley City and in its 
most typical phase extends back from one and a half to three miles 
on each side of the bluffs. These narrow strips represent the flood 
plain of the river in glacial times. In its least tx'pical phase the soil 
extends several miles back from the river, but only a small part of 
the region east of the river was included within the area. It reaches 
west as far as Sanborn and Hobart lakes and to the foot of the mo- 
rainic hills immediately south of these lakes. The dividing line be- 
tween this type and the Marshall loam leaves the area about two 
miles northwest of Sanborn. 

In its topographic features it is much more level than the Mar- 
shall loam and in the narrow strip on each side of the Sheyenne 
river it has been considerably cut up by ravines and coulees, but the 
outline of the original level can be traced for miles. Back from the 
river some distance its topography becomes gently undulat- 
ing and is marked by a succession of low hills and shallow depres- 
sions locally known as "bog holes." 

The origin of this type is glacial, as in the case of the Marshall 
loam, but it differs from the latter in that the underlying Cretaceous 
rock is in some cases vcrv close to the surface and has entered verv 
largely into the composition of the soil. This accounts for its being 
heavier in texture than the Marshall loam. 

This type retains moisture better than the Marshall loam. 

I'or ^-cneral farminc^ purposes this soil has no equal in the area. 
It is all under cultivation and is held at about $30 an acre. Thirtv- 
five bushels of wheat is not an unusual average yield. Flax, oats 
and barley do comparatively well. 
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In some places in this type there are occasional small patches on 
which the grain becomes partially choked off, an effect due to the 
gumbo characteristic of the soil. These areas are not large enough 
to interfere seriously with the value of this type. 

The following table shows the texture of typical samples of the 
fine earth of this soil : 

MECHANICAL ANALYSES OF MARSHALL SILT LOAM 









t 


.n 




. 


■S- 


1: 




.No- 


Locality 


r,„.np,io„ 


r 


E 
£ 

2 


f! 




li 

■il 


it 


i 
II 


is 








V? 




















rf. 


f-'f- 










,3t 




■ ! 


■-^ 




^ 




^ 


- v 








,» 


"«! 


nr 


s.isln.M 


13.BIl|si,06 


S.W 


mtki 










1 r- 


-, in 
















mv. 


































,10 


jr. 


.w 





















iS pfr ctot; No. BIOS, O.flW per «ni. 
SIOU.X CLAY, 

The soil of the Sioux day is a black to dark-brown or sometimes 
yellowish -brown, clay loam or clay, with an average depth of eigh- 
teen inches. The subsoil is a grayish-brown to grayish-yellow, stiff, 
waxy clay loam or clay, with a depth of several feet. The difference 
between the soil and subsoil is that the former has more organic 
matter incorporated with it and is a little more sandy. 

The Sioux clay is a type confined to the bottoms of the Sheyemie 
river, from the vicinity of \'a11ey City southward to beyond the south- 
ern limits of the area. The soil is partly of alluvial origin and partly 
a wash from the Cretaceous bluffs which rise about l-IO feet on 
each side of the river. Tiie residual soil formed from the weather- 
hig of the soft shale in these Cretaceous bluff."! has all of the char- 
acteristics of the gumbo found in the Red River valley. It is ex- 
ceeding slippery under foot, is very waxy and gummy and has a 
greasy, oily feel. The Red River valley gumbo is doubtless the same 
material carried in suspension by the glacial waters and redeposited 
in glacial Lake Agassiz. But there are no large bodies of this res- 
idual soil, since in its redeposition along the river it has all been 
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more or less intimately mixed with a small amount of fine sand that 
has found its way down from the higher prairie. In some places 
the type varies from a fine friable loam to a stiff silty clay, having 
the objectionable features of ^mbo. 

This type, with the exception of a few gumbo spots which bake 
and dry out during a dry summer, is excellent for truck farming as 
well as for the growing of small grain. Under the best of condi- 
tions wheat sometimes yields as much as forty bushels per acre upon 
this soil. Oats and flax also do remarkably well. Only about one- 
half of this type is under cultivation, the remainder being occupied 
by a growth of oak, elm, ash and other indigenous trees. 

Where cultivated this type is used largely for growing small gram 
and millet. The shelter afforded by the trees would make it one of 
the most desirable locations in the state for growing orchard fruit 
and berries. 

The following table shows the texture of typical samples of this 
soil: 
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HORART CL.\Y. 

The Hi)bart clay consists of from one inch to four inches of a 
Rray or dark-brown clay, underlain to a dciith of three or four feet 
by heavy drab-colorcd claj-. In the lower depth of the subsoil the 
clay is more or less intimately mixed with fragments of the under- 
lying Cretaceous shale. Below the fourth font the shale is found in 
various stages of disintegration, imii! finally the solid rock is reach- 
ed. Tiic harder parts in the shale or such parts as are more resist- 
ant to the agencies of weathering are frequently seen strewn upon 
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the surface. This accounts for the presence of small fragments of 
gypsum, "iron" shale and calcareous and fossiliferous shale. When 
the soil is wet it is very adhesive and slippery under foot and has a 
greasy, oily feel. In dry weather it often bakes and growing crops 
are often injured in this way. In a few places along the steepest 
bluffs the shale has not weathered sufficiently to support any vege- 
tation, and at such places small landslides frequently occur. In 
places such landslides have carried down the glacial till from above. 

A peculiar feature of this type, and one which is not common on 
any other type in the area, is the occurrence of numerous fresh-wa- 
ter springs, formed by the water soaking down through the porous 
soils resting as -a mantle upon the Cretaceous shales until the imper- 
vious clay and sliale are reached, when if flows laterally and issues 
from the sides of the hills. 

■ Owing to the stiff, tenacious character of the soil and its location 
upon the steep sides of the bluffs, this type has very little agricul- 
tural value except as a pasture for sheep and cattle. Owing to the 
numerous springs it supports a good growth of pasture grass. 
There is a use, however, to which this type is well adapted, and that 
is the growth of forest trees. Wherever there is a spring on the 
hillside and along every ravine which carries water, there is to be 
found a good growth of oak, ash, elm and other hardwood trees. 
At Valley City this type is covered by such a growth. 

The following table gives mechanical analyses of this type of 
soil: 
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SIOUX FL\'E SANDY LOAM. 

The Sioux fine sanlv loam consists of from one foot to two feet of 
very fine sandy loam of dark-brown to grayish color, resting on a 
subsoil of the same texture with a depth of several feet, but chang- 
ing in color at about the third foot, where, out of reach of decaying 
organic matter, it becomes gray. The Sioux fine sandy loam is 
found in the James river and Sheyenne river valleys and is of 
purely alluvial origin, being a wash of the finer sands of the prairie 
type, Marshall loam, deposited as sediment in times of high water 
or when these streams stood at higher levels. In the James River 
valley, in the vicinity of Jamestown, this type is closely associated 
with the type Riverwash, upon which the city itself is built. The 
latter type was deposited in glacial times when the James river was 
a torrent, while the type under discussion is a post-glacial deposit 
and overlies the former. 

This soil, though quite limited in extent, is one of the most desira- 
ble in the area. Because of its location, it is usually wdl supplied 
with moisture, even in the driest season. This fact, together with 
its fine, loose, loamy texture, makes it well adapted to all farm crops 
of the area. 

Wherever this soil is found it is under cultivation. The average 
yield of wheat is twenty-five bushels per acre, but forty bushels is 
not an uncommon yield. Flax averages twenty bushels, the average 
yield for barley is forty bushels, and oats sometimes yield as high 
as seventy bushels per acre. In the vicinity of Jamestown the soil 
is used extensively to supply the local demand for truck. The com 
which is being acclimated to the region seems to do especially well 
upon this type, sometimes yielding as high as sixty bushels per 
acre. In the vicinity of Jamestown some alfalfa has been success- 
fully seeded upon this soil. It is also well adapted to millet, pigeon 
grass and brome grass. 

In a few cases this type has been irrigated and as it lies conven- 
ient to the rivers more of it will probably be brought under this form 
of cultivation in the future. The results from irrigated areas have 
so far been very satisfactory. 

The following table gives mechanical analyses of typical samples 
of the soil and subsoil of this type : 
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AMI BLACK CLAY LOAM. 



The Miami black clay loam is of a very silty or clayey texture and 
has an average depth of twelve inches. The color of the soil varies 
from dark brown to black, depending upon the amount of organic 
matter present and the state of its decomposition. The subsoil to 
a depth of three feet or more contains more clay than the soil and 
has less organic matter incorporated with it. Its color varies from' 
dark brown to gray. A few concretions of iron oxides were found 
in the lower depths of the subsoil. 

The Miami black clay loam is more or less widely distributed over 
the entire area and is found in depressions that were at one time 
ponds or small shallow lakes. There are usually little beaches of 
sand and gravel and some larger rocks around the outside of these 
depressions, showing that at some former time they were filled with 
water. 

Since the first breaking up of the prairie some of these low wet 
places have been reclaimed and arc now among the most productive 
lands of the area, and eventually all the shallow Ijkes of the area 
will give place to tracts of this soil. Probably not more than one 
per cent of this type is under cultivation. The type is especially 
adapted to the growing of hay. 

Since the breaking up of the original prairie and the destruction 
of the prairie grass, the problem of hay production has become very 
serious. It would be better never to put the areas mapped as Miami 
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black clay loatfi \inder cultivation, but to reserve them as meadows 
The follcnvnig table gives mechanical analyses of typical 5am[deS 

of this%5oi1 : 

•■■.' -. Mechanical analyses of miami black clay loau 
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MARSHALL LO.\M, 

The soil of the Marshall loam is of brown to dark brown color, 
has an average depth of seven inches and varies in texture from a 
medium fine to fine sandy loam. The first foot of the subsoil is 
usually of the same texture as the soil, but the material becomes 
somewhat heavier as the depth increases. The color of the subsoil 
when dry ranges from light brown in the first foot to gray in the 
second foot, becoming yellowish when wet. The dry subsoil heaped 
aroimd the mouths of gopher and badger burrows presents an ap- 
pearance not unlike that of wood ashes. Scattered upon the surface 
and disseminated through both soil and subsoil are fragments of rock 
varying from the size of a pea to large glacial bowlders. 

This is the most extensive type in the area. It is typically devel- 
ojiod east and west of Jamestown. The topograph)' is gently undu- 
lating, marked by a succession of low hills, knolls, and shallow de- 
pressions locally known as "bog holes." In many places the latter 
are too wet and swampy to admit of cultivation, but since the 
breaking up of the prairie soil of the region many of these have be- 
come so thoroughl>' ilricd out that they are cropped with the same 
ease as the liigher prairie soil adjoining. In several places 
in the area, especially in the region south of Sanborn, this type ot 
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soil is marked by morainic hills, a few of which rise to 200 feet above 
the adjoining prairie. 

The tops of these moraines, both on account of excessive drain- 
age and the lighter texture of the soil, are very subject to drought 
and hence are of little agricultural value except for pasture. The 
lighter texture of the soil is due to the fact that the finer particles 
have been washed down to lower lying lands. This same fact ac- 
counts for the heavier phase of Marshall loam in the depressions 
between the morainic hills. The fact that nearly the whole area is 
a region of little definite drainage is very beneficial because the rain, 
instead of being carried off by streams and coulees, is allowed to 
soak into the ground. Along the James river and Ten Mile cou- 
lee, east of Jamestown, the evil eflFccts of extreme conditions of 
drainage in a region of slight rainfall are plainly apparent. For a 
distance of from one-half mile to two miles on each side of these 
streams the type under discussion is so dry as to be almost worth- 
less except as pasture, supporting only a scanty growth of wild 
grasses. 

South and west of Jamestown only about one-half the area of this 
soil has ever been cultivated, while farther east it is nearly all un- 
der cultivation. The unbroken areas are covered with- a dense sod 
of very nutritious natural prairie grass. In the depressions, where 
the conditions of moisture are better, this prairie grass grows very 
luxuriantly, and is very valuable for hay. In those parts of the 
area where this type is all under cultivation the need of prairie hay 
is sorely felt, and millet is being quite extensively grown to supply 
the deficiency. 

Wheat, flax, oats and barley are the leading crops, and to these 
this soil, in a favorable season, is well adapted. In good years 
wheat gives an average yield of twenty bushels per acre, but un- 
der the most favorable conditions it sometimes gives as much as 
thirty-five bushels. The average yield of flaxseed is about fifteen 
bushels, but this crop has been known to yield as much as twenty- 
five bushels per acre. The average yield per acre of barley is about 
thirtv bushels, and that of oats about fortv-five bushels. A varietv 
of corn is being acclimated to the type, and with a fair amount of 
rain and a season of ordinary length promising results are obtained. 

The following table gives mechanical analyses of t\'pical samples 
of fine earth of this soil : 
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MECMANICAI. ANALYSES OF MARSHALL LOAM 
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KEVEKWASH. 

The riverwash consists of about twelve inches of brown or gray- 
ish-brown sandy loam underlain with coarse sand and gravel, loose 
shale and large shale boulders, often to a depth of fifty feet. The 
soil is merely a wash of fine sand from adjoining bhiffs and prairies, 
and is a veneer over the coarse, loose, porous sand and gravel which 
underlies it. The subsoil consists entirely of a collection of coarse 
sand and gravel in the protected places along the streams when 
these were glacial torrents. For example, the coarse sand and 
gravel upon which the city of Jamestown is built was deposited on 
the inner bend of the river at that point. The same cause is as- 
signed for the accumulation of the great quantities of sand and 
gravel in the vicinity of \'allcy City. 

This type is al.so found in various parts of the area between the 
James and Sheycnne rivers. It is here associated with old water- 
ways, probably unused since glacial times. 

The ty])e is locally known as "second bench land" and except for 
pasture is held in low cstt-om for agricultural purposes.. In some 
places it is so dry that it docs not furnish sufficient grass even for 
pasture. 



le areas niappfd as meadow rci)r<.'sent a condition of low, 
;!iy (lc|)ri,";siiius found in the lowest portinus of the valleys out- 
of the James and Slicycnnc valK-ys. The reason that no such 
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conditions exist along the courses of these streams is that their sys- 
tem of drainage is well established and there are no marshy de- 
pressions adjoining them. The type meadow is found most exten- 
sively along the "dry waterways" in the region between the James 
and Sheyenne rivers and represents a condition where no definite 
system of drainage has been established since the retreat of the ice 
sheet. 

The meadow is closely associated with the type riverwash and 
Marshall stony loam, since they are all found along abandoned wa- 
ter courses; but it differs from the riverwash in that the latter is 
higher and looser in texture and, therefore, too thoroughly drained, 
and from the deeper phase of the Marshall stony loam in that the 
latter type is a little higher and adapted to the production of hay 
and for pasturage. 

The areas mapped as meadow support only the coarsest and rank- 
est kind of marsh grass, which has no value whatever as hay and 
very little as a pasture food. Under the present conditions these 
areas have no agricultural value except as watering places for stock, 
and often the water is too alkaline for that purpose. In most loca- 
tions the conditions would be greatly improved by artificial drain- 
age. 

AGRICULTURAL METHODS. 

The early settlers who came from the east found conditions in 
the northwest very different from those they left. In the area sur- 
veyed, and in the adjoining prairie region, there were no forests 
to be cleared and no rocks to be gathered. The pioneer had simply 
to build his sod house and barn, both of which were sometimes un- 
der the same roof, turn up the rich virgin soil of the prairie, and sow 
his seed. 

The first "breaking'* of the prairie sod was always shallow and 
with a single plow. The work ^f breaking ^K-ffan as early in the 
spring as possible and extended into Tu!y and August. The virgin 
sod is so tough that only the sin^^rle plow can be used. The shal- 
lower the plowing the better, provided the srrass r^<»ts are cut ju^t 
below the main root. During the summer months the sod become^ 
thofoughly rotted and pulverizes readily when the jrround is turned 
again in the fall. Fall plowing begins about the middle of August 
and continues until frost. The next *^pring. as soon as possible. 
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wheat is sown with a seeder and this is followed by a smoothing 
harrow. Flax is the only crop ever sown in the spring after 4c 
first plowing, because it is then too late for wheat or other smaD 
grain. Because of the fungus disease popularly known as flax 
wilt, flax is seldom sown upon any but new land and then only for 
a year or two. 

After the prairie has once been broken all plowing is done in the 
fall. This is usually done with a gang plow, turning two furrows 
at a time. In order to fill the air spaces and thus prevent the fur- 
row slices from drying out, the plow is sometimes followed by a 
srhoothing harrow, and sometimes the plow has a harrow attach- 
ment, thus doing all the work at once. The ground is harrowed 
once in the spring before drilling. Wheat is sown as the first crop 
in the rotation. It is followed by barley and then by oats. The 
most successful farmers let the lands lie fallow during the fourth 
summer, bringing up at that plowing an inch or so of the new 
soil. In this way the new soil is acted upon by the weather and 
also by the soil bacteria during the summer and winter months. 
Some cultivated crop like com is considered nearly equivalent to 
summer fallowing. 

As yet no commercial fertilizer has ever been used in the area, 
and until recently many farmers have drawn their manure out in 
piles and burned it, believing it to be more injurious than beneficial 
to the soil. In the early days it had a tendency to make the growth 
of straw too rank, but since the productiveness of the soil has de- 
clined through constant cropping, manure has been found to have 
a clecidedly beneficial effect. When coarse manure is turned un- 
der it has a tendency to make the soil too dry, and the manure is 
often drawn out in piles and allowed to rot and disintegrate before 
using. One popular method is to spread it ujwn the ground after 
the fall plowing and allow it to leach into the soil during the winter 
and spring months. Before seeding the coarse litter is sometimes 
raked up into piles and burned. 

AGRICULTURAL CONDITIONS. 

The value of the soils of the area in the production of wheat, flax 
and other crops is shown by the prosperity of the farming class. 
Until recently the thoughts of the farmers were taken up with the 
acquiring of land. This accomplished and a few successful crops 
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harvested, they have turned their attention to improving the land 
and beautifying the hc«ne. The sod house and bam of pioneer 
days have been replaced by wood and stone structures, and most 
of those who have been in the area for any lengA of time have 
built for themselves good, substantial houses. As yet there are only 
a few large barns in the area, which may be accounted for by the 
practice of threshing directly from the field and taking the grain 
at once from the machine to the elevators or cars. The necessity of 
large barns and sheds, however, is felt wherever stock raising is 
carried on as an auxiliary to grain growing. One thing which has 
retarded the building of large barns has been the high price of 
building material, neariy all of which must be brought long distances 
from the states of Oregon and Washington. 

Ten years ago the unbroken prairie land could be purchased for 
$T an acre. At that price some paid for their farms with the prof- 
its of a single crop. All those who availed themselves of the oppor- 
tunity to purchase, if they have been industrious and economical, 
have now a good bank account and a farm clear of incumbrance, 
with ample stock and machinery for carrying on all farm opera- 
tions. 

Since then land values have been increasing, and without any 
additional expense on the farmer's part the value of the farm has 
in nearly all cases doubled and in some cases trebled. Nearly all 
*e land in the eastern part of the area has more than doubled in 
value, and at present the average price is about $25 an acre. In 
the western part of the area, in the vicinity of Jamestown, only 
^boiit one-half of the prairie has been successfully put under culti- 
vation, and the prices range from $10 to $20 an acre, depending upon 
"^^ nearness of the farms to Jamestown, or on their adaptability to 
the crops of the region. The days of unlimited range have ended, be- 
cause the country is so thickly settled, but there are still many cat- 
^^ grazing upon the prairie west of Jamestown. The land values 
m the western part of the area have also doubled and in some cases 
trebled during the past ten years, and in the future there is bound 
to l>e a continued increase in the value of agricultural lands through- 
^^t: the region. 

T^he farms of the area arc nearly all operated by the owners. 
Those worked by tenants are rented for periods of from one to 
three years. It is not usual for a man of industry and economy to 
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work as a tenant for more than three years, because by this time 
he is usually able to take up a quarter section in his own name. In 
a locality like the morainic hills southeast of Sanborn, where the 
farms are rented to tenants year after year, it is usually an indication 
that the lands are undesirable for gfrowingf crops. In consideration for 
the use of his land the owner receives a share of the crop. The 
proportion is usually one-half of the crop where the owner furnishes 
half the seed and pays one-half the threshing bill. Owing to the 
uncertainty of the seasons, either from drought, hail or frost, it is 
very unusual for the tenant to pay cash rent, preferring to take the 
chances of getting a reasonable profit for his labor from a half 
crop. In prosperous times the owner usually prefers to operate his 
own land, because the profits are so great, and a general desire on 
the part of owners to rent their farms usually indicates either a sc- 
ries of unfavorable years or inferior land. 

The size of the farms varies from 100 to about 2,000 acres, the 
average size being 320 acres. Smaller farms than these do not con- 
tain enough pasture for stock, and for the ordinary man a larger 
farm than half a section makes it necessary to hire so much hdp 
that the profits are destroyed. The prosperity of Jamestown and 
Valley City and the small intervening towns is in no small part due 
to the fact that there are no such large farms as in the Red river 
valley, and that the farmer, instead of bending all his energies to 
seeding the largest possible area, devf>tes more time to a better 
preparation of the soil. Under this system the profits in any one 
year may not be so large, but they are more certain. 

Although the average size of the farms in the area is only 320 
acres, there is a tendency toward still smaller holdings and better 
methods. In the western part of the area, where the rainfall is 
less than in the eastern part, and where, also, the soils are lighter, 
the most successful farmers have learned that they must combine 
stock raising with general fanning if they are to avoid failure in 
unfavorable years. Where stock is kept and good use is made of 
the mainire much better crops are produced. 

The lal)or problem becomes a very difficult ope to solve in some 
years, especially when the farmer owns so much land that he is 
ol)ligcd to hire a great deal of liclp to handle the crops. During or- 
dinary seasons the demand for day lalx^rers is met by the large force 
of men who come into the state from all parts of the east and es- 
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pecially from the nearby eastern states. But in years of exceptional 
yields the demand for men is greater than the supply and under 
such circumstances the wage of labor becomes almost prohibitive. 
Since these men remain in the state for but a few weeks, at most, 
they often take little interest in their work and their general effi- 
ciency is low. The average rate of wages paid to harvest hands 
for the last five years is about $1.75 a day. The average for the 
past two years is $2.25. Occasionally $2.50 is paid, but this is not 
usual. The tendency is toward still higher wages, and since the 
price of farm products has gone down the farmer can not afford to 
hire. This is having a salutary effect upon the prosperity of the 
county. The farmer is learning that it is never profitable to have 
more land than he and his family can work, or at least no more than 
he and one man hired by the year can work. The usual wage by 
the year is $30 per month, with board and lodging. 

Owing to the severity of climate no winter wheat is grown. Maca- 
roni wheat has been introduced, and though it commands a price 
considerably below that of other wheat, the fact that it yields about 
a third more is making it popular. Since recent experiments have 
demonstrated the value of the bread made from this wheat, strong 
influence has been brought to bear upon grain dealers to recognize 
its value, and it bids fair soon to become an important rival of the 
older varieties of wheat. 

Flax has always been one of the important crops of the area, 
standing next to wheat. As yet the farmers have not had as serious 
trouble with flax wilt as have the farmers in the Red River valley. 
However, it is well recognized that flax is a crop very exhausting 
to the soil, and that it will not do to crop with flax continuously for 
more than two years in succession. 

Oats and barley are among the profitable grain crops of the area. 
As yet only a small quantity of corn is grown. The principal diffi- 
ailty with this crop is that the season is not quite long enough. The 
variety grown is a small, inferior kind, but by careful selection of 
seed and breeding much has been accomplished toward getting a 
variety better in quality and better adapted to the short, cool grow- 
ing" season. 

From the appearance of sugar beets seen in gardens it would 
seem that this crop might be added to the products of the area, 
but the practicability of establishing this industry on a commercial 
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scale should be proved by ample experiments both in gJowiiigJ|||| 
and in determining their sugar content. 

As yet but a few tame grasses have been grown in the 
since so much pf the prairie grass lands has been brought uni 
tivation the problem of hay production is becoming very 
Brome grass has been sown by some with a fair degree of 
and with utter failure by others. The experiments with ir 
to show that with careful preparation of the soil it will 
valuable grass for the region. Alfalfa has been seeded on one 
in the area, but the experiment has not been under way long 
to decide definitely how profitable a crop it will prove to be. 
it would seem that it can be successfully grown. The nati^ 
grown in the sloughs and marshes is tall and coarse, though 
allowed to become too ripe is very nutrious and makes 
feed for both cattle and horses. That produced upon the 
and drier soil is fine and short and is considered somewhat 
in quality than the product of the lowlands. The average pri 
unbaled hay is about $5 a ton. Millet is grown quite ext< 
for hay. The quality is good, but it is almost entirely for 
not being considered a desirable feed for horses. Potat< 
grown for local consumption. In quality and size they are 
excelled by those grown anywhere. The average yield is al 
bushels per acre. No potatoes are shipped out of the area 
of the great distance to markets. 

Owing to the constant demand for grain, the farmers of tWf ' 
tion are always sure of a ready market for their crop. Two 
mills, one at Valley City and the other at Jamestown, together i 
sume more wheat than is grown within the area surveyed. 
not all of the wheat is sold to these mills. The numerous 
tors along the railroads, by their active competition with the 
cause large quantities of wheat to find a market at the mills at 
neapolis, St. Paul, Duluth or Superior. Later in the season it; 
comes necessary to ship in wheat to keep the home mills rui 
During the season of 1903 the \alley City mill alone was com] 
to import 110,000 bushels. A conservative estimate of the 
of wheat that will be ground by the two mills during the 
of 1903 is 1,000,0(K) bushels. About one-half of the flour is 0^ 
within the lx)rders of the state, one-third of the remainder mtk 
western states, and the remaining amount is shipped largely to 
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scale should be proved by ample experiments both in growing f 
and in determining their sugar content. 

As yet but a few tame grasses have been grown in the area,^ 
since so much pf the prairie grass lands has been brought undoj^ 
tivation the problem of hay production is becoming very 
Brome grass has been sown by some with a fair degree 
and with utter failure by others. The experiments with it 
to show that with careful preparation of the soil it will 
valuable grass for the region. Alfalfa has been seeded on one 
in the area, but the experiment has not been under way long 
to decide definitely how profitable a crop it will prove to be. 
it would seem that it can be successfully grown. The nati^ 
grown in the sloughs and marshes is tall and coarse, though 
allowed to become too ripe is very nutrious and makes e: 
feed for both cattle and horses. That produced upon the 
and drier soil is fine and short and is considered somewhat 
in quality than the product of the lowlands. The average pi 
unbaled hay is about $5 a ton. Millet is g^own quite ext< 
for hay. The quality is good, but it is almost entirely for' 
not being considered a desirable feed for horses. Potatc 
grown for local consumption. In quality and size they are s< 
excelled by those grown anywhere. The average yield is abot 
bushels per acre. No potatoes are shipped out of the area 
of the great distance to markets. 

Owing to the constant demand for grain, the farmers of this] 
tion are always sure of a ready market for their crop. Two 
mills, one at Valley City and the other at Jamestown, together 
sume more wheat than is grown within the area surveyed* 
not all of the wheat is sold to these mills. The numerous 
tors along the railroads, by their active competition with the 
cause large quantities of wheat to find a market at the mills at 
neapolis, St. Paul, Duluth or Superior. Later in the season 
comes necessary to ship in wheat to keep the home mills rui 
During the season of 1903 the \'alley City mill alone was comi 
to import 110,000 bushels. A conserv^ative estimate of the 
of wheat that will be ground by the two mills during the 
of 1903 is 1,000,000 bushels. About one-half of the flour is 
within the borders of the state, one-third of the remainder iot\ 
western states, and the remaining amount is shipped largely 
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SUMM.\RY OF THE REPORT OX THE C\NDO 1 

By E. O. Fippix. 

During the summer of 1904 a soil sur\'ey Mp-as made covering 
square miles in the southern part of Towner county. (See pnf-' 
ress map, figure 1.) The state through its Agricultural and G«h 
logical Surveys, cooperated with the bureau of soils of the Unitei 
States Department of Agriculture, furnishing two men who 9Sr 
sisted the bureau's men (for about fort)* days) in the prosecutki 
of the field work. 

This survey included the preparation, on a scale of one inch to 
the mile, of a soil mq) showing the area and distribution of the <fil- 
ferent kinds of soil, and a report describing these soils in thdr 
relation to the crops now grown and the agricultural methods it 
use, together with a discussion of the improvement of agricultuni 
conditions and the development of crops especially suited to the 
climate and the soils. The map and report will be published 
and distributed in the usual way by the Department of Agri- 
culture. We are enabled, through the courtesy of the bureau of 
soils, tq give here a brief summary of this report. 

The area surveyed includes the southern eight townships d 
Towner county, and occupies an undulating, treeless prairie, emi- 
nently adapted to agriculture, as evidenced by the good average 
yields of all the crops grown. The general elevation of the sur- 
face ranges from 1,475 to nearly 1,G00 feet above sea level. Tlie 
two largest towns are Cando and Maza, on the St. John's branch d 
the Great Northern railroad. 

The drainage system consists of several large, shallow and slug- 
gish streams called coulees. Big Coulee is the main stream, 2sA 
most of the others empty into it, the water finding its way finally 
into Devils lake. There are also numerous other small, shallov 
depressions found on the rolling upland and between the elevations, 
where water accumulates to form swamps. 

The superficial material of the region, in some places reaching 
to a depth of more than 100 feet, has been deposited through tiie 
aj^ency of glacial ice. The original glacial till has subsequentlf 
Ix^en considerablv modified bv the floods that attended the retreat 
of the ice margin. It was this large volume of water passing 
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through the area that formed the coulees and left the large deposits 
of fine material which enters into several of the local types of soil. 

Five types of soil, differentiated by an examination of the sur- 
face material to a depth of three feet, have been recognized. Each 
is characterized by peculiarities of texture and drainage, and has a 
distinct crop producing power. Their common characteristic is 
that they contain a relatively high percentage of organic material, 
and are consequently dark in color. 

Areas of a gravelly soil occupy knolls and ridges slightly elevated 
above the surrounding country, and because of its porous texture 
and consequent perfect drainage, it produces light crop yields. 

Limited areas of fine, sandy loam were found, generally occupying 
slightly elevated positions. The soil is of a rather fine sandy or 
silty texture, and because of its slightly elevated position and good 
drainage it is an early soil, better fitted to the production of corn 
and vegetables than to the cereal grains. 

Most widely distributed of the types recognized is a loam. The 
soil consists of about twelve inches of heavy, black, sandy loam or 
loam, under which are mingled clay and gravel of the glacial till, 
rich in calcareous material. It is naturally productive soil, but the 
Yields are considerablv influenced bv the seasons. 

Next in extent to the loam is a silt loam, which is found chiefly 
in the eastern half of the area. It is of a friable texture, easy to 
cultivate, and withstanding unfavoral)le climatic influences better 
than most of the soils. It is best adapted to grain, and on the 
whole is considered the most productive soil of the area. 

Scattered in small patches throughout the area are found the clay 
soils. These always occupy low, undrained swales, and unless 
thoroughly drained are unfit for any agricultural purpose other 
than grazing and hay production. 

GENERAL CONDITION'S. 

There is a comparatively small amount of alkali in the soils, 
which is found in the poorly drained positions where the texture is 
finest. Small spots in the grain fields are occasionally injured. 
More complete drainage and thorough, careful cultivation will do 
much to correct this evil. Thorough removal of the drainage 
water, which holds the salts in solution, will in the course of time 

Agrr. Col. SnrT.— 9 



114 AGRICULTURAL COLLEGE SURVEY OF NORTH DAKOTA 



remove much of the excess of salts, and cultivation will U 
prevent its accumulation at the surface by preventing evapoi 

The chief factor tliat controls the crop yields in the area i8< 
moisture supply, and this fluctuates from year to year with 
variation in the amount of rainfall. Those methods which 
at storing in the soil the largest amount of water, and holi 
until such time as it can be made to assist plant growth, giye 
best yields of crops. Deep plowing and the maintaining on 
plowed surfaces of a mulch of two or three inches of loose soil 
do much to attain this result. 



SOIL SURVEY OF THE :\IIXOT AREA. 
By Rex. E. Willari). 

Location of the Area, — The area included in this sui 
located in Ward county, in the region known as the Mouse 
valley. The middle point of the southern boundary of the ai 
four miles north of the citv of Minot. The area surveyed eml 
a tract six miles north an<l south by twelve miles cast and west, ^ 
contains therefore seventy-two square miles, or 4(1.080 acres, 
comprises two congressional townships, which for convenience ^ 
in this paper be described by their congressional designations, ^ 
township loG north, range 8*^ west, and township loi; north, raC 
83 west. They will l)e referred to as 150-82 and 156- 
respcctively. 

The soil types and the general characteristics of the area h< 
described are thought to be fairly representative of a vast area 
Ward, Bottineau and McHenry counties. This ]K)rtion of t 
state was once the scene of a vast Kike covering within the pres€ 
state of North Dakota an area of O.'^^O s(iuarc miles, besides 
approximately equal area in Canada. The area chosen for this i 
vestigation and described in this j^aper is so situated that the so 
formed (a) by the de|")osit of sediment on the oM lake bottor 
(b) those modified by the action of waves and currents along shoi 
and (c) those of the higher land beyond the limits of the area CO 
ercd by the lake, are represented. 

History of Settlement. — North Dakota is one of the younger 
the sisterhood of states, and this portion of the state has been sc 
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through the area that formed the coulees and left the large deposits 
of fine material which enters into several of the local types of soil. 

Five types of soil, differentiated by an examination of the sur- 
face material to a depth of three feet, have been recognized. Each 
is characterized by peculiarities of texture and drainage, and has a 
distinct crop producing power. Their common characteristic is 
that they contain a relatively high percentage of organic material, 
and are consequently dark in color. 

Areas of a gravelly soil occupy knolls and ridges slightly elevated 
above the surrounding country, and because of its porous texture 
and consequent perfect drainage, it produces light crop yields. 

Limited areas of fine, sandy loam were ft)und, generally occupying 
slightly elevated positions. The soil is of a rather fine sandy or 
silty texture, and because of its slightly elevated ])osition and good 
drainage it is an early soil, better fitted to the production of corn 
and vegetables than to the cereal grains. 

Most widely distributed of the types recognized is a loam. The 
soil consists of about twelve inches of heavy, black, sandy loam or 
loam, under which are mingled clay and gravel of the glacial till, 
rich in calcareous material. It is naturally productive soil, but the 
vields are considerablv influenced bv the seasons. 

Next in extent to the loam is a silt loam, which is found chieflv 
in the eastern half of the area. It is of a friable texture, easv to 
cultivate, and withstanding unfavorable climatic influences better 
than most of the soils. It is best a(la])ted to grain, and on the 
whole is considered the most productive soil of the area. 

Scattered in small patches throughout the area are found the clay 
soils. These always occupy low, undrained swales, and unless 
thoroughly drained are unfit for any agricultural purpose other 
than grazing and hay production. 

genertNL conditions. 

There is a comparatively small amount of alkali in the soils, 
which is found in the poorly drained ]>ositions where the texture is 
finest. Small spots in the grain fields are occasionally injured. 
More complete drainage and thorough, careful cultivation will do 
much to correct this evil. Thorough removal of the drainage 
water, which holds the salts in solution, will in the course of time 
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remove much of the excess of salts, and cultivation will tend j 
prevent its accumulation at the surface by preventing evaporatioi| 
The chief factor that controls the crop yields in the area is ti 
moisture supply, and this fluctuates from year to year with tl 
variation in the amount of rainfall. Tliose methods which a:^ 
at storing in the soil the largest amount of water, and holding* - 
until such time as it can be made to assist plant growth, giyt ta 
best yiekls of crops. Deep plowing and the maintaining on il 
plowed surfaces of a mulch of two or three inches of loose soil wi 
do much to attain this result. 



SOIL SURVEY OF THE MINOT AREA. 

By Rex. E. Willaro. t 

L„.„».„ .f ,H. Ar.a.-T^ a„a i„c,„d.d i„ .his sur,^ 

located in Ward county, in the region known as the Mouse Rivi 
valley. The middle point of the southern boundary of the area | 
four miles north of the city of Mi not. The area surveyed embraos 
a tract six miles north and south by twelve miles cast and west, afl^ 
contains therefore seventy-two square miles, or -1(»,080 acres. 1 
comprises two congressional townships, which for convenience wfl 
in this paper be described by their congressional designations, vil 
township 156 north, range 8'2 west, and township loO north, rang! 
83 west. Thev will be referred to as 150-8-3 and 156-81 
respectively. 

The soil types and the general characteristics of the area hen 
described are thought to be fairly representative of a vast area il 
Ward, Bottineau and !McHcnry counties. This portion of th 
state was once the scene of a vast lake covering within the preseiil 
state of North l!)akota an area of ();350 square miles, besides ai 
apjiroximatcly equal area in Canada. The area chosen for this in- 
vestigation and described in this pafxr is so situated that the soii 
formed (a) by the deposit of sediment on the old lake bottom 
(b) those modified by the action (^f waves and currents along shore 
and Co) those of the higher land beyond the limits of the area co^ 
ercd by the lake, are represented. 

History of Settlement. — North Dakoia is one of the younger i 
the sisterhood of states, and this portion of the state has been sei 
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tied only a very few years. Five years ago there was scarcely a 
shack outside of the city of Minot, and no roads were to be seen 
except those old Indian trails leading from far away towns to some 
trading station. 

When the people of the United States and of other countries 
began to learn of the opj^Drtunities of the poor man in this region 
there was a grand rush to secure desirable farms. Many settlers 
had little idea of the labor and hardship that must \ye exercised if 
they desired to be successful. 

The homesteader builded his lixlO **shack" and began his ex- 
istence on the prairie. According to law the homesteader must 
make a certain amount of imj^rovement upon the land or he would 
be liable to have his claim contested. 

Generally a few acres of sod were broken and a little llax seed 
sown. As all implements and horses were expensive, the first 
year's work was frequently not well done, most desiring to fulfill 
the law as easily as possible. .\s a rule the ''breaking" was not 
more than two inches deep where it should have been at least five 
inches. As the country was subject to drouth, these methods 
were not successful. 

Farm machinery has always hccu expensive and tho poor settler 
must get along with as little as possible. For these reasons the 
land was not w-ell worked and the drouth had a nnich more serious 
effect than it otherwise would. 

By these methcKls the moisture, which was scarcely ever plentiful, 
was quickly evaporated. The crops then suffered. 

Flax was usually the first crop to be sowed, as it brought the 
largest financial returns for the least amount of wc^rk. Of all crops 
flax injures the land most, and when sowerl successively for several 
years the land is materially impaired. 

By these methods and the fact that the soil is somewhat sandy, 
people were led to believe that aj^^ricuhural pursuits could not l>e 
successfully carried on, as year after year the crops were injured 
bv drouth. 

As more settlers came and learned by ex])ericncc. methods were 
improved. It was found that by breaking and ])lowing to greater 
depths there w-ould be less danger of cro]) failure. Gradually, as 
the settlers became more well-to-do, they were able to have a better 
class of machinery and spent more time working the land before 
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crops were sown. However, even at present, many do not see the 
value of a thorough cultivation of the soil. 

As the land is worked more thoroughly and more is broken up 
there is much less fear of drouth, although the annual precipitation 
is practically the same. 

Agricultural development has been very rapid, and land that was 
formerly considered worthless now produces good crops. This is 
due to a large extent to the improved methods of farming. 

Climate. — The growing season in North Dakota is short. The 
ground is generally frozen until some time in April. Frequently it 
is considerably later before seeding can bo done. The crops ripen 
in August generally. Frosts may be looked for in September. 
The ground freezes so that fall plowing ceases usually early in 
November. Severe stomis have been known to occur in Septem- 
ber, though not commonly. The winters are cold, but usually the 
weather is steady and not subject to extreme fluctuations, so that 
the atmosphere is healthful and invigorating. Winter usually sets 
in in November, and the ground often remains frozen until April 

When a heavv snowfall occurs in the earlv winter the fanns art 
not materially injured by the cold. The snow is very dry, and as 
it is usually accompanied with wind it is packed into drifts hard 
enough to bear the weight of a horse. On the general level of the 
prairie ^lierc is not usually a heavy body of snow, but houses have 
been nearly covered by the piling drifts. The temperature frequent- 
ly stands from — 20 degrees to — 30 degrees F., and — 10 degrees 
has been known, though such extreme cold is not common. 

Physiography, — The surface features of North Dakota, except 
that portion west of the Missouri river, have been derived from 
glacial activities. The Mouse river winds its course through the 
northern part of the state. It enters the state at about 102 degrees 
west longitude, and forms an ox-bow which encloses about 6,250 
square miles of area. This flat or basin was once covered by an 
immense bodv of water known as Glacial Lake Souris. 

The area surveyed and described in this pajx^r is Ideated in part 
on the old lake bottom and in part outside the territory covered by 
the lake. Townships 150-82 and 150-83 were mapped with regard 
to the general character of the land, its agricultural value and txpes 
of soil as determined by examination of texture and fertility. 
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The Mouse river cuts across the southwestern corner of 156-83, 
but the river bed is not included in the area surveyed. Egg coulee, 
one of the largest channels in the region, extends through the north- 
east corner of 150-82. The area is cut by many coulees and glacial 
channels. Morainic hills and **pots and kettles'' and fairly level 
prairie are also found in the area. 

The altitude of the area is from 1,000 to 1,?00 feet above sea 
level. In tlie eastern part of the area is a broad expanse of level 
or slightly undulating prairie which was fonnerly a portion of the 
bed of Lake Souris. Tlic sliorc-line tlirough the area extends from 
the southwest corner of 150-82 in a direction somewhat west of 
north through 150-83. 

West of the shore-line the surface is more hilly, being morainic 
in origin and character. The hills arc r^)ugh and stones occur in 
large numbers upon the crests of the hills. Between the hills are 
many "pots and kettles" or depressions which have such a heavy 
subsoil that water is held in some of them continuously. 

East of the shore-line of the old lake the surface is more level, 
and is therefore better farming land. In the northeastern portion 
of 156-82 the surface is broken bv manv small hills. Between these 
are many small and shallow- depressions. These hills were originally 
morainic hills, but owing to the action of the lake water they have 
been worn down and ai)pcar smaller and more regular than those in 
the western part of the area. 

Many channels or coulees occur zigzagging across the area in 
various directions. These are generally deep and narrow. About 
the heads of these coulees is often a flat fan-shaped area. A low 
area may have a general slope from all sides toward one place 
which appears to be the head of the coulee. The channel immedi- 
ately becomes deep and the banks serrated by many cuts and irregu- 
larities. 

The coulees in the western portion drain into the !Mouse river, 
but those of the east and south discharge into the locality of 150-80 
and seem to disappear. These latter have a more abrupt beginning 
than those of the west. Without any warning a channel is observed 
to have a zigzag course across the countr}-. Tliese channels were 
probably made by glacial w^aters. They have contained much more 
water in ages past than at present. Only in the spring is there 
water at all, and then no perceptible erosion occurs on their bof- 
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toms. Many beds of gravel and sand are found along these chan- 
nels. These were undoubtedly deposited by swiftly flowing water. 
A large portion of the bottcMn of Egg coulee in the northeast portion 
of 15G-82 is heavy gravel. 

Terraces or "benches*' are of frequent occurrence on the banks of 
the larger coulees. These are generally of the sandy or g^ravelly 
character. 

The hills in the southwestern portion of 150-83 are a part of a 
terminal moraine. Tlie large stones and the general character of 
the hills indicate glacial origin. 

IVard Silt Loam. — The soil type that covers the largest portion 
of the area will l>c termed, for convenience, Ward silt loam. The 
soil is from ten to twelve inches in <lepth. It is of reddish-brown 
or brown a)lor and is a fine, sandy loam. It sometimes contains a 
very small amount of gravel, generally of limestone. The subsoil 
is usually of two or three strata. A stratum of sandy loam will be 
encountered and a stratum of siltv material which contains scarcelv 
any grit. It is probably derived from a limestone formation. Be- 
low there is a stratum of heavy, tenacious loam. This is variable 
in color. Frequently there are mottled streaks of red and gray in 
a brown loam. Sometimes large amounts of gypsum are encoun- 
tered. This loam continues to a considerable depth. 

The type covers the central and western portions of ir)()-82 and 
the northern half of l.^d-Sl). Much the same material is found in 
the soil of another type, that of the low hills. The Ward silt loam 
covers an area of gently rolling country, which contains many 
"pans," or shallow dei)ressions (^f a few square rods in area. These 
"pans" are not generally cultivated, as water sometimes stands in 
them years at a time. Luxuriant grasses, which grow in these, 
make excellent stock food. 

Although coulees in the form of deep chamicls occur uix)n the 
type, it is not drained to more than a slight extent. Frequently 
there are sloughs and **pans" whjcli cont-iin water all summer. The 
coulees do not drain the land for more than a few rods from their 
channels. 

This type was formed by the waters of Lake Souris. Originally 
this was all niorainic or hilly country. The action of the water has 
leveled the surface and left this soil. 
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A large variety of crops may be grown on this t>T)e. Wheat and 
flax are grown most extensively. r»arley. oats and spelt are raised 
to considerable extent for stock fodder. Flax is usually sown upon 
fresh **breaking.'* This crop many times realizes a larger profit 
for less work than wheat, but has been found to be much more ex- 
hausting to the land. 

This type is well adapted to raising truck ])roduct>. Whenever 
truck products are planted, the improvement in the small grains in 
the following years is very noticeable. Trucking is a sure method 
of killing weeds. By trucking the land every few years the weeds 
are kept down, the land is benefitted and a fair profit is realized at 
the same time. 

The viekl of wheat is crenerallv from fifteen to twentv-five bushels 
per acre, of fiax from ten to fifteen bushels, of oats from twenty-five 
to forty bushels. On exceptionally good seasons forty to fifty bush- 
els of wheat are raised and twenty to twenty-five bushels of flax. 
From sixtv to seventv bushels of oats have been raised on a wet 
season. 

Ward Sandy Loam. — In the southern part of loO-S'3 is a type 
of soil which will be called Ward sandy loam. This ty])e covers 
only a few square miles, Ix'ing found in the southern tier of sections 
of this township. The soil is about twelve inches deep. It is red- 
dish-brown sandy loam and is usually very fine. There are fre- 
quently a few small pebbles. The subsoil contains less sand than 
the soil, and is tenacious and heavv. It is of brown cob^r, contain- 
ing mottled streaks of reil (Vc) and gray (La Co o). Quite large 
amounts of gyj)sum are also in evidence. The surface of this type 
is slightly undulating. There are few stones or bowlders. 

There is very little drainage. The surface slopes towards the 
coulees for only a few rods from their banks. 

This type is only a variation of the last discussed and might be 
classed with it. It was formed by the dejiosils of Lake Souris at 
the same time that the before mentioned hills were worn down. 

The crops on this type are much the same as those uix)n the one 
last considered. The subsoil is somewhat heavier than that of the 
previous type and will, therefore, hold more water. This makes 
the crops show- up somewhat better upon this type than upon the 
others. There is seldom too much rain during the growing season 
and so the land that will hold moisture is in greater demand. The 
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price of this land is appreciably higher than the most of that in- 
cluded under the last preceding type. 

MoraiJiic Sandy Loam, — The type which may conveniently l)C 
called morainic sandy loam is located in the northeastern half of 156- 
82. This portion of the area embraces the remains of a moraine that 
has been leveled to its present form by the action of the waters of 
Lake Souris. The morainic hills have not been worn to a level 
prairie but have been left in the form of small hills or kno^lls with 
depressions between them. 

The type might be mapped as tw^o separate types ; one embracing 
the small hills and the other the depressions. The soil and subsoil 
of the hills differ from those of the depressions. However, it would 
be a difficult matter to illustrate the types, as the separate hills and 
depressions are of such small area. Each hill contains scarcely 
eight acres and the most of the dq^ressions are even smaller. 

Upon the high land the soil is from four to eight inches in deptli. 
It is brownish sandy or gravelly loam. The subsoil is sandy, gjav- 
ellv or stonv loam. 

In the low land between the hills the soil is from eight to ten 
inches in depth. It is of a heavy character, being sticky when wet, 
and is quite tenacious. The subsoil is still heavier, being silt loam, 
and is also very tenacious. It is of a brownish color. It contains 
some streaks of mottled red and gray. 

The surface of this type is very different from that of any other. 
Small hills and knobs are alternated w^ith low, hard "pans" and even 
"pots and kettles." There are no large areas of either low land or 
high land. 

The type as a whole has no drainage except Egg coulee, which 
drains only a few rods from its channel. The water as it falls upon 
the higher lands immediately gathers in the clay l)Ottomed ''ket- 
tles" between the hills and here remains until it is removed bv 
evaporation. 

About one-fifth of the land of this arei has been broken up and 
is at present under cultivation. The crops are principally flax and 
wheat. Unless there is an abundance of rain the crops are likely to 
be light. The uplands are too dry and gravelly to he advanta- 
geously cultivated and the low lands are too wet and heavy. Only a 
small portion is left for cultivation and only in limited areas. Wild 
grass grow-s luxuriantly in the low, wet depressions. If these hot- 
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toms dry out sufficiently the grass is cut for winter fodder. This 
type is not well adapted to farming. Grazing is best adapted to this 
area. 

Morainic Loam. — The ninrainic hills in the southwestern por- 
tion of 15G-83 constitute a type of soil very different from any 
previous type. This area is entirely out of the lake bottom. The hills 
stand up rough and rugged as left by the ice. The type consists 
of soils of different characters ; the soils on the hills differ widely 
from those of the depressions. This type might be divided into 
two types. It would be difficult to map the hills as a separate type 
from the depressions as each occurs only in small areas. The 
character of the soil on the hills and in the depressions is so different 
that each would form a type of itself if correctly mapped. 

The soil on the uplanil is only from two to four inches in depth. 
It is gravelly or stony loam. The subsoil is gravelly or sandy. In 
some pllces the hill tops are so stony and gravelly that little vegeta- 
tion can sustain itself. 

The sides of the hills vary ; in some cases the soil and subsoil arc 
heavier and considerable vegetation appears, while in other places 
the land is almost barren. The soil on these hillsides varies from 
coarse to fine sandy loam. 

In the hollows or *'pots and kettles" the soil is 1-1 to IS inches 
in depth. It is generally heavy loam containing large amounts 
of decayed vegetable matter. It is usually of black or dark brow-n 
color. The subsoil is of much the same texture, though often some- 
what more sandy. The soil is always wet and sticky and the sub- 
soil is very tenacious. 

This type is typical of a morainic country. The hills are from 
30 to 60 feet above the bottoms. On some of the hills the bowlders 
are so numerous that one may walk across without touching the 
ground. 

There is no drainage except as the wat:r runs from the hills to 
the bottoms l^etween. There are many swamps and even small 
lakes which have no outKts. 

This moraine is only one of man\' in N'orth Dakota. Its course 
may be traced from the vicinity of Minot into Canada, and far 
southward across the state. 

Only a very small portion of this land is being farmed. This is 
due to the roughness of the surface and the non-fertilitv of the 
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soil. The best occupation to be carried on is grazing. There arc 
some very successful ranches at the present time. Buffalo grass 
grows to some extent upon the hills and grasses of many varieties 
g^ow in the sloughs. 

JTard Gravelly Loam, — Along the coulees and channels is found 
a considerable amount of gravel which for convenience will be 
called Ward gravelly loam. 

The soil of this type is from 4 to (> inches in depth. It is 
of brownish color and owing to its l<Kisene5s of texture is not ven- 
fertile. Generally sand and gravel are a|>parcnt. The subsoil i> 
somewhat heavier but still contains considerable gravel. In some 
localities almost pure g^ravel is found to a considerable depth. The 
gravel found in the channel of Egg coulee differs somewhat from 
the others. The gravel stones are larger and are more numerous. 
Some are as large as the fist. 

These gravels are deposits from glacial streams. Teri'aces oc- 
cur along most of the large channels. In every case the gravel h:*s 
been deposited by the waters of ancient glacial streams. Tlx<i 
waters that flow in the channels at present scarcely leave a trac^ 
of erosion from year to year. Small areas oi gravel are foua «. 
along the coulees which are too small to be shown on the mau. 

This type occurs in the southwestern part vi lo^J-SS and also m, 
the channel of Egg coulee in tire northeastern part of loti-S^- 
Tlie whole area of Ward gravelly loam d<.»es ni>t cover more tli^»- 
a few sections. 

The vegetation on this type is not heavy. Where crops na^ 
been seeded they are not usually successful unkss there is plenty "-^ 
rainfall. The grass is small and wiry and weeds are plentiful. 

As yet no crop seems to have been ap])lic(l that was well ailapt*^ 
to the type, drazing is the most profitable use to which the la^^ 
has thus far been put. 

Ward day Loam. — The low. heavy land oi tliis area haf^ 
type of soil somewhat different from any other land in the distri ^ 
There are two kinds of low land which may be taken up separate"^- 
There are broad channels which extend entirely across the arcr- 
There are also manv small areas c>f Knv land which have much tl 
same ty])e of soil. 

The broad tlats are old glacial channels. One of these contair^ 
a part of sections 2. 3, 10, 11, 1*2, 13, li, 15. -2^:, -23. •?4, -25 an 
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26 of township 156, range 83. This divides, and one branch joins 
another flat or channel in township 150, range 82. This one is 
smaller, partially containing sections 4, 5, 8, 17, 18, 19, 20, 20, 30, 
31 and 32. These channels, in such cases, have high bluffs border- 
ing, while in some places there is no definite division between the 
channel and the level prairie. 

The small areas, referred to, are dried up sloughs or lakes. 
These usually contaifi only a few acres of land. They arc found 
in sections 3, 9, and 22-23, of township 15G, range S2. In town- 
ship 15(f, range 83, they are found in sections '^!) and 28-27-31. 
One of the channels has its beginning in township 157, range 83. 
The head is much the shape of a fan. It spreads out over five or 
six square miles. In this particular channel there is a coulee, but 
the coulee is not of the same formation as the larger channel. There 
is some water in the lowest part, but is entirely stagnant. 

The soil in these channels and flats is from 10 to 18 inches in 
depth. It is of a black or dark brown color. It contains large 
amounts of decayed vegetable matter which makes the soil very 
fertile. The soil is heavv and tenacious and usuallv contains con- 
liderable moisture. 

The subsoil is a large, heavy loam of very fine sandy loam. It is 
f grayish-brown color and sometimes contains small amounts of 
lottled red. In the channels the subsoil seems to be in strata, 
l^ile in the open flats the subsoil is usually uniform. Small ele- 
a.'t:ions of gravel occur in the channels, formcvl by ancient glacial 
liters. These have l:)een discussed under Ward gravelly loam. 
1 a few cases there are large morainic deposits in the channels 
^^xning quite large hills. (See sections lO-lo, township 15(5, range 
^ - ^ These are gravelly or stony on the surface. 
The low-land flats, i. e., the dried up sloughs or small lake hot- 
TTis, are not generally good farming land. The soil in these is 
^^TTi 14 to 18 inches in depth. It is heavy, l)lack loam containing 
^-ich decayed vegetable matter. The soil is fertile but is generally 
^AiT^red with water until too late in the season or is baked too hard 
be tillable. The sod when turned appears hard and tough. 
"^^ subsoil is heavier than the soil. It is usuallv irravish-brown 
^t:Fi some streaks of red and white. 

I^hese pans have a waterproof bottom. Water once in them 
"^ only get out by evaporation. These low tracts are of small 
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A very small portion of the land is held by speculators. This is 
either rented or lies idle. Very few farms are riented, and where so 
they are generally poorly fanned. Any good, progressive farmer will 
not rent but will own a farm of his own. 

The problem of hired labor is one of the most important. Men 
come into the state for the summer's work and then out again. Their 
only desire is to make as much money as possible with little work. 
Frequently these men arc poor fanners and are therefore poor labor- 
ers. 

Wages are high compared with that of the class of laborers and 
work of other states. A monthly wage of $30 is usually paid for 
five or seven months, beginning with April. Day lalx)rers in harvest 
time receive from $'2 to $-'? per day. The lalx^ring class is small in 
numbers and it is frccjucntly a very difficult matter to obtain suffi- 
cient laborers to carry on the harvest. 

The Great Xorthern railroad and the M.. St. P. & S. S. M. railroad 
pass through the city of Minot. Each furnishes fair freight service. 
Large elevators are located on each railroad and grain is hauled to 
them in large quantities. As nearly as may be estimated the average 
price of hauling grain on the public roads is VS cent per bushel per 
mile. 

The roads are usually prairie trails, and are only graded where the 
worst sloughs are encountered. On account of the sandy texture of 
the soil these roads are seldom muddy except in tlie low lands. 

The grain markets are generally good. Wlieat and flax are sold 
at a fair discount from prices in St. Paul and Minnea]K)lis. Only a 
small portion of the grain is shipped by the farmers. Init is sent 
through the elevator companies. 
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THE SURFACE FORMATIONS OF SOUTHEASTERN 

NORTH DAKOTA. 

Bv Daxiel E. Willard. 

In common with most of the northern states, nearly all of North 
Dakota and Minnesota is covered with a mantle of drift due to the 
j^rescncc of the great ice sheet. Eastern North Dakota was affected 
directly by the ice in a manner much like that of other parts of North 
America over which the ice passed. The area is deeply mantled 
with drift or till. In addition to this a belt including approxi- 
mately the eastern tier of counties of the state is covered with 
a deposit arising from the melting of the great ice sheet knonvn 
as lacustrine silt. Streams upon the adjacent land surfaces 
were kept at flood by the waters from the melting ice, and large- vol- 
umes of sediments were swept into and down these streams. Sandy 
beaches, washed by the waves, became the assorting grounds of the 
coarser sediments conveyed into the lake waters, and off-shore cur- 
rents became the builders of sand bars. The finest rock flour or 
silt was that which came to rest in the still waters of the lake far 
from shore. The Sheyenne delta, a vast mass of sand, gravel and 
shale transported from the margin of the melting ice sheet or eroded 
from the plain over which the waters flowed, is an illustration of the 
great work done by the flood waters from the melting ice. The 
large amount of shale in the delta deposits and the depth to which 
the ancient glacial river eroded its bed below the drift mantle into the 
underlying shales outside the Red River valley indicate the vast 
work of erosion and transportation accomplished by the waters of the 
melting ice sheet. 

The region immediately west of the Red River valley was not cov- 
ered by the waters of Lake Agassiz. This is a region of till or 
lx)wlder clay of the same character as that lying beneath the strati- 
fied lacustrine sediments of the Red River valley. The bowlder clay 
is composed in part of materials transported for greater or less dis- 
tances by the ice, but is mainly the pulverized materials plowed up 
along the course of the moving ice, as is shown by the similarity of 
the drift clay to the stratified clay-shale below revealed in the records 
of well borings. 

The surface deposits of southeastern North Dakota are drift mate- 
rials, those in the Red River valley being modified by the action of 
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A very small portion of the land is held by speculators. This is 
:her rented or lies idle. Very few farms are rented, and where so 
ey are generally poorly farmed. Any good, progressive farmer will 
)t rent but will own a farm of his own. 

The problem of hired labor is one of the most important. Men 
»me into the state for the summer's work and then out again. Their 
ily desire is to make as much money as possible with little work, 
requently these men are poor farmers and are therefore i)Oor labor- 
s. 

Wages arc high com|)ared with that of the class of lab<^rers and 
i>rk of other states. A monthly wage of $'5<) is usually paid for 

c or seven months, beginning with Ai)ril. Day lalx)rcrs in harvest 
nc receive from $'2 to $:5 per day. The laboring class is small in 

nibers and it is freciuently a very difficult matter to obtain suflfi- 

* nt laborers to carry on the harvest. 

The Great Northern railroad and the M., St. 1*. & S. S. M. railroad 
ss through the city of Minot. Kach furnishes lair freight service. 
. Tge elevators are located on each railroad and grain is hauled to 

* m in large quantities. As nearly as may b^^ estimated the average 
I ce of hauling grain on the public roads is Jc> cent ])er l3ushel per 
le. 

The roads are usually prairie trails, and are only graded where the 
►Tst sloughs are encountered. On account of the sandy texture of 
*• soil these roads are seldom muddy exce])t in the low lands. 
The grain markets are generally good. Wheat and flax are sold 
«i fair discount from prices in St. Paul and Minneajx^lis. Only a 
lall portion of the grain is shipped by the farmers, but is sent 
*ough the elevator companies. 
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the waters of Lake Agassiz. Below the modified lake deposits is the 
till, similar in character to that of the rolling prairie beyond the area 
covered by the lake. The total depth of the drift, as determined 
from well borinfifs and from the deep valley of the Sheycnnc. is from 
forty to sixty feet upon the rollinjjf prairie in the western portion of 
the area now considered to 200 to 2.")0 feet in the axial portion of tiie 
Kcil River valley. The depth of the drift varies considerably owinj^ 
to the uneven surface of the preg^lacial landscape. Four types of drift 
deposits occur in this portion of North Dakota. These are (a) the tnie 
sediments deposited in the deep waters of the lake and known as 
lacustrine silt; (b) the reworked drift represented in the beach 
ridges and other shore deposits ; (c) the delta deposit made by the 
Sheyenne river; and (d) the rolling prairii- with low niorainic hills. 
Lacustrine Silt. — The lacustrine silt deposits overlying the till ex- 
cenc] westward- of Casselton and embrace the region southward be- 
yond Wahpeton and northward beyond Grand Forks. Its greatest 
thickness is as much as sixlv feet and it is comnionlv as much as 
thirty to fifty feet. This deposit consists of the finest jxirticles of 
rock brought into the lake by strea'ms or washed \unu the wall of 
ice which formed the northern shore of the lake. This finest rock 
tloiir from the great continental ice mill was laid down in perfectly 
stratified layers in the quiet waters of the lake, the upper layers l>e- 
ing blackened and enriched by accumulations of carbonaceous mat- 
ter from the decomposition of plants and animals which found a 
habitat in its cold waters and in the shallow marshes which succeedetl 
the disappearance of the lake. These blackened marshes in turn be- 
came the dry meadows of prehistoric clays. 

llic Shcycnne Delta. — The great delta plain of the glacial Shev- 
cnne river covered the southern one-third of the Casselton quadran- 
gle and the southwestern corner of the Fargo quadrangle. Thxs is 
a sandy plain representing the coarser sedimentary deposits of this 
once great river. The total ana of the delta is placed by IJplinni at 
800 .square miles, and is estimated by him t<^ liavc an average «lrpth 
of forty feet. The northern and east-rn ircnt ni ilie delta in Cass 
and Richland counties rises f|tiite abruptly sixtv to scventv feet from 
the almost perfectly level surface <.f the lacustrine sediments of the 
old lake bottom beyond the limits of the delta. The depu^it is one 
of fine sand and fragments o\ shale with a scant admixture oi clav, 
so that the texture is in general quite Inose. The surface of the plain 
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r clayey character in the delta itself, or by the hard, impervious 
vhich forms the floor beneath the delta deposits. The ready 
Nation of the waters and the impervious beds of clay make the 
rrcnce of springs common along the delta front and in the deep 
nels of the rivers. On the lower plain of the lake bottom be- 
1 the delta the hydrostatic pressure of the surface waters p^iie- 
ng the ground upon the higher IsLivi of the delta causes the wa- 
able to rise to the surface of the ground, and considerable areas 
■enderod quaking, boggy marshes, 
le northeast front of the dt'ta, alx)ut niidwav between the Shcv- 

and Maple rivers, near the village of Leonard, is intersected by 
ral deep coulees which have been formed by the action of springs 
ting out from the delta. These may tittiui^ly be called *' travel - 
springs," since they travel backward into the plateau as a rc- 
of the action of their own waters in removing the erodable ma- 
Is out of which they emerge. The same mode of * 'traveling'* 
served in the springs which head the coulees along the valleys 
e Sheyenne and Maple rivers. The spring half a mile west of 
ard village has eroded a gorge two miles in length with a maxi- 

depth of seventy feet. Other coulees in the vicinity are half 
le to nearly two miles in length, formed in the same manner. 

springs occur in the banks of the Sheyenne river along its 
e outside the Red River valley for ]r)0 miles in Ransom, 
?s, Griggs, Nelson and Eddy counties, where the valley of the 

is cut deeply into the soft cretaceous shales which underlie the 

:ichcs of Lake Aji^assic. — West nf Casselton is a belt about 
liles in w^idth extending irnm the Udrthern edge of the Sliey- 
rlelta northward with varying width beyond the limits r»f tlic 
This is a tract having the cliaracteristic tn|x\gra])liy ni a 
-washed shore of a recerling sea. 'J'hc western side of tin's 
:i marks the highest \vnut reached by the waters of Lake Agas- 

this tract the Ll^^-foot and LOOO-fr.ot eonioiirs are sepa- 
"hy intervals of only about three miles. \vlier<.-as the HOO-foot 
iiT is about forty miles to the eastward of the L^OO-foot con- 
lear the Red River of the North. 

^ slope between the higher contours represents the eastern face 
• 3Ianitoba escarpment. The region was covered by the waters 
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of Lake Agassiz during its highest stages, and was reheved of thi«s 
covering of water as the lake receded. Well marked gravelly an d 
sandy ridges traverse the area in a generally north-south direction. 
These arc the beach ridges formed by the action of the waves and 
currents of the lake upon the shore. The ridges are composed of 
whitish sand with a little clay, and gravelly places are frequent. 
Sand for building purposes and gravel for road construction are 
obtained from pits. The eastern slope, or front, of the beaches is 
usually more steep and higher than the western, or back, side, and 
a marshy tract often lies back of a ridge, drainage to the lower 
levels to the east being prevented by the ridges which act as bar- 
riers. The area is one of reworked drift and lacustrine deposits, 
some i)laces where the configuration of the shore was not such as to 
cause breakers to accumulate sand and gravel in ridges being cover- 
ed with true lacustrine deposits. 

The highest wave-marked ridge is known as the Herman beacfai 
and tliis re{)rescnts the height of the water at the time of its greatest 
extent. The recession of the lake was not Rfradual. hut was by stajjes 
of intermittent recession and pause. The next lower stage than the 
Herman was the Xorcross, represented on this area by a ridge about 
four miles in extent lyin^^ alon^ the boundary line of lildred and 
Walburg townships, and another fragment about two miles in length 
in Wheathmd township. Fragments of beach ridges representing 
the upj)er and lower Tintah stages of the lake occur along generafly 
parallel lines at intervals. North of Leonard village the Tintah 
shore is marked by an escarpment eroded by the waves in the front 
of the delta. That the Tintah beaches represent two stages or levds 
of the lake is shown by the fact that the two nearly parallel lines 
connecting fragments of well defined ridges are separated by a ver- 
tical interval of about twenty feet. 

The most consjiicuous beach on this area, unless it be the Her- 
man, which is conspicuous because it delimits the lake area from the 
rollin^^f drift toi)oi:^rai)hy to the westward, is the Campbell, which 
extends from the point where the Maple valley debouches upon the 
level plain of the lacustrine sediments in a generally northward di- 
rection, l^Ve(|ueiit gravel- and sand-pits occur alon^ the course of 
this beach. It is in part a well dcfnicd ridge, rising with a sharp 
slo])e on the cast or lakeward side, and falling a less amount on the 
west or landward side, and in part an eroded clifT or escarpment 
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lied in the drift clay or till by the cuttiiiR: action of the waves of 

lake. This beach is a conspicuous landscape feature and marks 

I>r nMi>;il born lary bet\ve^*n tlie level areat>f ihe acustrinesedi- 

:it.s and the reworked drift which forms the "bench" land border- 

tlie old lake bottom. 
L'he McCauleyville beach, which marks the lowest stage of the 
c while its waters were drained southward bv the river Warren 
wcry feebly developed in this locality. It is represented by two 
c^ncnts not exceeding a mile each in length in Walburg and Gill 
vnshii)s respectively. This bvach is eNewlkri- a omsjMcuously dc- 
<">; v.*d ridge bearing sand and gravrl and trac<.Td)Ic continuously f(^r 
iiy miles. 

riur JK'achos just described as occurring nn ilie western side of the 
• ^•. also occur on the ca>t >i(le nf iju* valley, the several beaches 
*reNcn:ing the higher stages nf ilie lake ''ccnrring "H a gentle sb^pe 
■i'.ic:^ westward between Ilawley and (llyndun. Alinni-sr»ia. i^'wl- 
's occur in great abundance on this vslope. Some of these bowl- 
'^s are of immense size, and their distribution al(^ng the higher 
>re lines C)f the lake suggests that they may have been carried by 
t ting blocks of ice and stran<led u])on the sand bars «)ff shore. 
^^Iic I'umndiiicd Drift. — \V<'St of Magu^'Ha station and SheUlon 

lau'l was not covered bv the waters of Lake Airassiz, and the 
"ion is therefore beyond the limits f>f what i-^ kn<>wn as the Red 
~cr valley. This is an area ^n rolling and undulr.ting drift, the 
<" *graphy being that of the ty])e which eh.'u'aeterizes nnich of the 
tern half of the state of North Dakota west of the area of the 
lent lake br>ttom. The LIOji-Im. )t eontotu* cojnciles in a general 
^' with the highest line marked hv ilio aeti'Mi "f iju- waves o\ the 
Succoedincr cont<:nr lines niiirkincf twmtv fret cf vertical «lis- 
v'f fiiUow rapidly tnuard the \\e<t. iwtt c-inl-nr liri*^ en 'S^^ini:;" 
ly of the .-sections, th«■'^e /'iies rr.nniiv^ nr;ir1\' ^ i'M!!*! with eacli 
'T and with the TT'-rn'.rni ^h«.ri- lir.i-. .\- -la^ '• vii Ix ff rr V'-iei], 
"o is a fall of only K>'» feel :n al)"'i: f"rtv riiiie^ frc-.n the Camp- 

s.hore line eastwartl e) ili= I\e«l Kivi r of tlie X.-rih. 
^nraiin'c fslands and l'r-ul\rs.---\\\ cTiihaym-Mii .a* the ancient 
o Agassiz existed in the -^MUthweNtern ]»ari u\ what is now Cass 
'Ttiy, nearly midway betwe'-n Magnolia and Sheldon. Xorth of 

oir.bavment is a hill .ab 'Ut two miles in length and averaging 
•"It one-third of a mile in width, which was an island in Lake 
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Ai^assiz durinj^ a short time at its highest stage. Southward from 
this island a similar hill having a width from north to south of t'ivo 
miles projected as a promontory or headlanci into the ancient lake? ; 
a neck of land al)out a mile in width connected this promontory with 
the general highland a mile west. These hills arc typical niorain ic 
hills, being composed of har<l bowlder clay with occasional sandy or 
gravelly layers, and Ixnvlders of granite, (piartzite and limcstonc- 

Kxtending fnr a distance of three miles in a north and south direc- 
tion between the eastern extremities of these highlands is a conspicu- 
ous gravelly l)i-ach-ridge. 'i'his ridge marks the line of the **break- 
ers" between these two highlands at the time of the second Herman 
stage of the lake. Another segment of the second Herman beach 
about two and one-half miles in length lies two miles north of tb^ 
northern extremity c)f the island just descrilK'd. and half a mile cast 
and twenty feet lower than the highest Herman shore. Five mi^<^^ 
further north a feebly <leveloped shore line rei)rescnting the secornl 
Herman stage liis at alnnit the same <listance east of the upjx^r beach 
and separated l)y abnut the same vertical interval.. 

Liti^ooiis Back of the /?t'(it7/t\?.— Thus the island referred to was an 
isL'uul oidy for a short time, viz., the period, whatever its absoHite 
length, during which the lake sto<^d at the level of the upper Herin^" 
beach. During the second or lower Herman stage of the lake t"^ 
region embraced in the end)ayment lying west of the island was ^'^ 
overwash slough or lagoon, the watrrs which were driven by '^"^ 
winds acros<? the "breaker" line forming a broad ptMid or shal 1 ^^^ 
lake back of the beach ridge. 

Tn a similar manner ■lago-.)ns nr shmglis were formed back of ^"^ 
hiirh ridcre^ formed at different ^tatres of the lake. It is thus t *^'^ 
sandy marshes, which occur frecnieiuly back (^f the sandy or grav^- '■ 
beaches, nre e\j)laine(l. The breaking of the waves where the lov "^^^ 
part of the rolling nm^s (.f water was retarded bv the friction of 
bnttoni caused the coar<er i^ravel and srMi«l to be thrown flown 
more or le'^'^^ uniform layers. f()rnunt.v tin* be'ich ri Iges which hr 
been described, tlie \\\v:y <p.ni] rnul ^ilt being carried over the crest 
the bar. where tbe-e -rt'lnl in il^* -till water .»f the lago mi. The s 
(»f tliese I'lgM. .n ir'icl^ is tlins i're<|n-.n!l\ not nnly composed largi 
< f fine >and and silt, but the soil i^ iA\vn imi)regnated with alkali 
rive I from the contimied ev<'n^or:ai'n ^A the lake water during t 
(•vi<trn'."' of the lake, and from t-ie a;\'iinud'ition from "evaporati 
siu'.'e tile di>a|)i)earance t.f tlie l:ike. 
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E GEOLOGY OF THE SOILS OF SOUTHEASTERN 

NORTH DAKOTA. 

1>Y Damkl E. Willakd. 

Mcustrinc Silt. — Prnbably iIhtc are few rej^ions in the world 
idi exceed in fertility of tlic soil that of ti:e Red River valley, 
e soil consists of the finest of rock ilour fj^nnnul and ])ulverized by 

lE^reat ire sheet and borne into Lake Aij^assiz by the inllowing 
•anis. Only tl:e very tnK\st of th.- assnrlel se liments tlms dis- 
nital by the waves and cnrmits of the lake were de])osited in the 
;:tT ]v^rli«.)ns rif the lake, as tlie coar^^-.-r materials were thrown 
^'11 wl:en the intlowinir streanis were slackened bv tlie >till water. 
!y the finest ronid remain in >n-])rnsi< n in tlv water till thry came 
"est in the i\K'\:\^ water of th/ central lake. This finest j)owder 
ock is known as lacustrine silt, and when wet and com])acted to- 
icr has mnch the character of clay. ditTerinijf from clay in that it 
ains fine sand, fine powder of limest'"'ne, an<l carl>")naceou< mat- 
and docs not have the coherent ])ro;;erties of clay. 
{rNiuho'^ Areas. — .\reas varying in extent from a few sc|uarc 
Is to a few square miles of very compact and heavy soil occur 
n these level bottoms throuj^h which water percolates very slowly. 

when rlried by the intense heat <'f summer f<»rms hard blocks, 
surface cracking into characteristic i^v^ometrically formed ])risms. 
'sc are known as **,2:umb'") spots." This <(>il is very stickv when 
and hence not readily worked in farming [)m*suits. Owing to its 
k-ncy to l)ake into hnrd bl'/ks anil its im])ermeability to water, 
ch renders drainage difticult and fretjuently causes a'-cuimilation 
Ikaline salts, the gimd) ► arcps are n- tl as desirable land^ fe-r favr- 
purposes. 

7rvr AUm'iifiu. — nor<lrrin!^ the rivers npo:i tin- plain "f \\v: Red 
c^r valley, river alluvium f 'mis a m.rmt'e wlveli ■•xerii.- the (.rii:'- 

fine lake sedinvnis, thinnin-j" fr- -m a tliiekM--^ dt" ni wral fee- ai 
river banks to an altennali-d ^he t at >-nre ^di-i.-mee fr"'^i the 
ani chan.nels. This n'aierial is tlie uwv (•verfiDW <] ■■':. sit I'run 
rivers and is slight Iv more C'lr.-- in texiure than the lacustrine 
nientary deposits. These de]) i^its are C! >arser nearer the river 
ks because the heavier i)articles are the first to be deposited, 
ross section of the alluvial banks, therefore, would show a wedge 
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con 1 pact substance offering a high resistance to the percolation of 
wators. So-called surface wells arc often not surface wells at 
all, -vvhcn bv surface wells is meant such as derive their water 
sny>i^ly froni percolation or seepagv* from the soil in the immediate 
rioiiTLity of the well, but are obtained by ])enctrating a layer of nearly 
ini|.">ervious clay below which a wat;T-])earin;^ vein of gravel or sand 
is struck, the clay acting as a rLStraining wall t > hold thv water. 

TVtr Wafer Tabic. — The permnu-nt water table is high in this rc- 
jric'^n, due principally to two causes. These are that the deeper sub- 
S(.;iil <)rtill is nearly imj)ervii)ns to wati-r. tlul^ jn-i-veiiiing undcrdrain- 
ajcro, and the level character nf tlio land l^y reason of which a very 
sI<:.->\\- progress of the S(^il water tnvard the streams results. The soil 
anri subsoil are sufficiently i):)r. nis to ;dl<»\v a v^-ry slow ])ercolation 
^'f tlie water, and the deepi r clay acts as a vast lish hnlding the wa- 
ter. 

-'/ /.(^(j// /;; //zr .S'<).'V.— The rjiii>tion of alkali in the s..il is one of 
?i"os^t importance. In son^e lr;ca!itie< tic alkaline salt<^ in the soil be- 
C'^mc? a hindrance to agriculture. The percentage of salts in the soil 
is "found by analysis to increase with the de":th. Xot infrequently 
slinllow surface wells furnish abundant supplies of water. This is 
^<^niotin?cs of excellent quality, but sometin:es it is sn highly impreg- 
nntocl with salts as to render the water unfit fi-r drinking or even for 
tho n^e of stock or for steam IxMlers. Tbe use <)f water therefore 
froiii surface wells is not general. 

-'V s? the surface waters ev:iporate and deeper soil watc-rs ri'=^e by 

^'^T^i 1 laritv, alkaline salts are broucrlit t-) the surface and there, bv 

riii5^;iior from melting snow an«l *^])ring rain^ these are removed to the 

•**^^^'"^ nis wherever there is ^nr fnee draiun^;. T.<\ver j>laee> imvard 

^v f n r-^-]^ surface drainage ten!- rni.l from wliie-i tln-r- i'^ ]!•> e>eape for 

^^ ^X'atcrs, become in time l.iy tlie cntieenl ration fn-m t^>ulinued evap- 

-'■ T 1 on what are known ri< "alkali >]!r-t<." '*( l;inib . -Vi.is" nre often 

"^ "lis character, the siil)<"il h'-iiii:: -o e-Hi^-iiei \'':\\ u'ld.-riiraiuai^e. is 

^^*'l"tTced to practically nil. 'fh-- .''Ikr-li h .'-ii^'- -r:i'hiall\- •■ir-re in 

* Tint' and these i»laces Ix-e'ine uu] r-' lneti\- ■ :'^ a result. 

■•■"-* c^cause of the removal '"f Hi-.' >''-:i :.!kali:-- an-l olh«r ^alls bv the 

_ *^ce waters the waters of all the ^tr^ams e<'ntain ^onie am<nmt 

^^Ikaline and other salts. an«l beenuM; tlierc i- alkali in all the soils 

^"**^ subsoils and also in the deeper till, all the well waters contain 

^"^^ greater or less amount of nn'neral impurities. The waters may 
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be soft and suitable for washing purposes and for drinking, still the 
are no pure waters. For the most part the amount of alkaline ar 
other salts in the deq:)er wells is not so great as to seriously intcrfei 
with the obtaining of supplies of reasonably pure and suitable wi 
for domestic and general agricultural purposes/ 

As all the soils and subsfiils are of drift origin, it follows that th 
ultimate origin of the alkaline and other mineral substances was ii 
the stratified rocks of the preglacial land surface. The salts arc-^ 
therefore those that were carried in the waters of the ancient Creta — " 
ceous seas, on the bottom of which these rocks were originally deix)s-— - 
ited as sediments. 

While the alkalies in the soils are sometimes a detriment in the 
unwholesome efYects u])on the character of the waters for domestic 
uses, and sometimes also are present in so great a quantity as to ren- 
der small areas of land uni>roductiv.;', yet on the whole the alkaline 
and other mineral salts in the sr)il of this area add greatly to its pro- 
ductiveness as when present in not too great cjuantity they furnish 
necessary plant food, and add greatly to the fertility of the soil. 



GI'IOLOGIC HISTORY OF l^LASTKRX XORTH DAKOTA. 

1)V Daxikl E. Willard. 

Jn but very few ])laces in the ea^t/rn i^ortion of North Dakota is 
there an exposure of the underlying stratified rocks. C'hir knowledge 
of the rock formations which form the tloor underlying the drift, 
those rocks which were the surface formations before the invasion 
of the great ice sheet, is therefore dcriveil largely from artificial bor- 
ings. Deep wells have penetrated the hard granite on the Fargo 
quadrangle at V^. '2r>rK v>:»(;, v^w;. -jsr,, ^»l^•'>, -Ji^S and -475 feet; and 
upon the Casselton (|uadrangle at ill. l'»o, KO and 400 feet. The 
only formation of the sedimentary series which is ])assed through in 
these wells is a shale formation coniainini^- layers of sand. Creta- 
ceous aj^e. Thus there is no record preserved in the rocks of this area 
<if the time represented hy the (.'anibrian. Lower Siberian, Upper 
Silurian, Devonian. Carboniferous. Triassic and jm^assic eras. 

The Cretaceous shales and sandstones rest unciMiformably upon 
the granite complex. 'J'l:e iip])er porli(»n of the Cretaceous strata 
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A'exiT the point of debouchure of the Sheyenne valley into the Red 
Kivcv valley, alx)ut ten miles southeast of Lisbon, outcn>])pings 
of sh^x 1 c occur in the sides of the glacial Sheyenne valley which have 
been l::>y Upham provisionally referred to the Benton. Also shale 
penetr" .^ited in deep borings at several points in the upper Red River 
valle\^ have been provisionally referred to the Benton by the same 
aiith'.'X- xty. ( L'. S. G. S. Mcmograph XX\', p. 1)2, also chapter x. ) 

Thej: "second clav'' of drillers is encountered in the vicinitv of 

Fargo at dei)ths of less than 2n() fc^t to 300 feet. Clays described 

^v Jt^Tllers as "light green." *'<lecide<l green," an<l "wliite and 

chal^>' , " and "putty-like" are re; ort^d at depths of 30S feet to '^50 

^<^et, ^^.iid in the deep well at Mom-head at .'JTo feet. These clays in 

every erase extend down t«) hard granite at '^^Vi feet to :il'8 feet, and 

\n \S'^^ M«x)rhead deep well t ► ll.") feet. In the last named granite 

was pcriietrated all the way U) l.lMil feet. 

In the vicinitv of Casselt n the "second clav" is struck at 200 feet 
to 31)0 feet, and deeper clays or "third clay," with layers of hard 
pan and gravel at 300 feet to ^'20 feet. White clay is reported from 
wells in the vicinity of Cassclton at 292, ^00 and 42(» feet resi>ectivc- 
ly» with hard granite below, and hard granite at -111. loO, 470 and 
100 feet respectively. Flowing wells are not obtained in the vicinity 
^' l^argo, the line of the, eastern limit of the Dakota artesian basin 
^'^^1^ a few miles cast of Casselton. 1 lowever, deej) wells yielding 
^^'^ter from a fine white sand rock are coninn»n about I'argo, in which 
^''^ Water rises nearlv to tlie surface of the {ground. Jf these sands are 
provisionally assumed to be Dakota in age. an 1 hence regarded as 
"^ eastern continuation of the Dakota artesian water bearing sands 
*^'"ther west, here immeiliatelv overlvincr the granite, it would then 
^' natural to correlate the "seciaid clay'' of the T'argo and Casselton 
**''^as with the Benton shales farther west. I'ntil fuller tleld records 
"•^Ve been obtained u[>on the territory to the sonth and \\e<l. it seems 
^* ^loubtful utihty to atten'])t to detinitrly assert tlie at^e of the clay 
*^^d sands underlying the drift an<l covering the j.»raniie bed n^ck of 
'^^ upper portion of the Red River valley. 

I^he Structure Scctu^n.— \ structure ^ecriou froui v»es!trii Minne- 

^^ta across the Red River valley o\\ the latitude of l-'argo shows 

"ie granite bed rock inunediately luidcrlying the Cretaceous shales 

^nd sands, the former passing Ix^ncath the latter toward the west. 

*^€ Cretaceous formations have a westward dip toward the great 



k 



142 ACUKIJLTUKAL COLLKGK SURVKY OF NORTH DAKOTA 



synclinal basin in which the latest formations within the state of 
Xorili Dakota wi*rc (leix)sitcd as sediments in the g^reat inland sea. 
The outcropping^ cd^cs of the Cretaceons strata in the Manitoba es- 
cari)mcnt represent ]K)st-Cretaceons erosion, by which the great pre- 
glacial ]<ed Kiver valley was formed as a trough across the eastern 
edge of the great syncline. The glacial deposits, till and lacus- 
trine sediments, represent the later work of the glacial period, and 
the somewhat broken line marking the upper limit of the section rep- 
resents the j)resent land surface. 

(jver all the region included in this ])a])er borings penetrate below 
the drift into Cretaceous shales and sands, and upon all except the 
western one-third of the area below these into hard granite. The 
lowest of these Cretaceous strata, and ujkmi the eastern portion of the 
area, it may be the only one, is the Dakota formation. Farther west 
and Ix^yond the Manitoba escarpment the llenton, Niobrara and 
Pierre shales are encountered in ascen<ling order. 

The occurrence of the ]3entrn upon the floor of the Red River 
valley has been discussed elsewhere in this paper. 

The (lce])est borings in the territory inunediately west of the Red 
River valley do not ])enetrate lx*low the Dakota sandstone, but it 
may ]>c sup])ose I that at some distance west successively older forma- 
tiuns would be i-ncountered at still greater (le])ths, and finally the 
granite bed nK'k at the b':tt«.m and below all. 

The occurnnce of artesiim wells which derive their wr.ter from a 
sandstone formatinn, over nuich nf eastern North Dakota, is ex- 
plaine»l by the structure of the svnclinal Insin which extends west- 
ward from the ret^ion of the Red River of the North to the Rockv 
Mountains, and southward t'> th.* lilack Hills. IHowing wells from 
tile l)aki»ta samlstoiie ln-ri/j n are obtained at (le])ths of "W) feet near 
tl'e eastern limits i)[ tlie arh-^i'Mi b'siii, at ino to '►no feet upon the 
western j^.t)rtion of t!u' Re 1 River vallev, at dei>ths ranging fr«ini 
<i.')0 tVet to NHO fc-t't twenty to thirty miles west of the Red River 
valley, and still I'artlier w^l in tlu' valley of ilu- James river at S'^-"! 
t«.) ^.ry(\^) feet. 

The we^ttrn (intor<)pj)ing edges of the l)ak(^ta formation flank th* 
eastern higlilands of the Rorkx Mnnntains, and the lilack Hills, and 
it is from these regions that the water is supposed to be derived. 
Here the rains penetrate the porous sandy formation lying at the sur- 
face at altitudes from l.OOn to (i.ooo feet above sea level, and trav- 
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from such wflls shows that thi- t-fTtv! i.i \v,;m1kt;ih^.-, i;.,„,,., h" ^'^'^-' 

accurate dcscripli.-n o( llic iincnnfiTiuilv lii-nvcm ,^, ,j,i cr.inilc 

™<l thv nn,cli htcr shale can I... at ,;rcscm s;ivcn. >,,„ ,,„,, „rMt. 

Tl,c- „ccurrmcc „l ,,-hitc an.j Krcoii varicnluml clVv fr.rTrH'''' f 

^y f.-et in *v(l,, ™l i„ ,.,., ,|e,p „.„ ,, ,|,,„r|,e, , y,!. j'^., „,.or- 

iKlicatiiiE a (Kvi.ii,|,ns.-I aii,| i,„^^.,^ i-lianffcd 

pjv. shows that the Kfj.iH' v,::s |„„„ ^^p-si-il lo 
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syncliii;il basin in which the latest formations within the state 
Xorih Dakota were cleix)sited as sediments in the p^rcat inland se 
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valley, and still farther w.sl in tin- valley «it the lames river at !><-* 
to l..")nO fcvt. 

'I'he western nnicn)pj)injL: edi^^i-s of the Dakota formation flank tht 
eastern hi;^Hilan«ls of tlu' Ivieky Monntains. and the I'.lack Hills, and 
it is from these rejc^^ir^ns that the water is supposed to be derived. 
Here the rains j>enetrate the ])<>n)us sandy formation lyingf at the siir- 
faee at altiindvs from i,<M)(» t<» u.niio fcrt ah )ve sea level, and trav- 
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crsc the sandstone Livers to the eastern portion of the syncline. At 
Jamestown and Devils Lake the water hearing formation is encoun- 
tered at ahniit sea level. The artesian w-ater bearing horizon of the 
Dakota formation rises to about «00 feet above sea level upon the 
eastern side of the syncline. 

The accom;)anying cross section of the Red River valley shows the 
structural relations as they would appear along the line of the North- 
ern Pacific raihvav. This secticjn shows the black lacustrine de- 
jiosit of fine sediment to a maximum depth of sixty to seventy feet 
in the axial jx^rtimi of the Red River valley, and thinning toward 
the western marii^in (;f the lake IxKlom. iJelow this (jccurs the lx>wl- 
fler clay or till to a depth of ir>0 to -JOO feet. Then l>elow follows the 
Cretaceous shales and sands, and these rest uncomformably upon 
the granite bed rock, 'i'lie toj) of the shale is quite uneven, as is 
shown by tlie inecjualities in the depths of borings for w-ells. At 
the top of the drift a layer of hard clay is often encountered, and 
below this water is generallv obtained which rises often nearlv to 
the surface of the ground. The hard-pan, as the layer of hard clay 
at the bottom of the drift is called by the drillers, was formed by 
the pressure of the moving ice, shoving its mighty mass over the 
surface of the landscape, tngi^'ther with the indurating processes of 
the water which forms a restndning crust above by the concentra- 
tion of the salts from the clay above and from salts dissolved out of 
the rock layers through whiv'h the water has passed. 

The granite bed rock is of unkn wn depth. Little is knnwn of its " 

character in this regir>n. beoarsi- few borings have been mad? which 

]icnetratc it, and il is nowh'jrr cxpos-.'d at the surface. Tt is so deep- 

Iv buried, anrl be*ans; it Arx^ not seem likely ever to yield either 

water or valuabl.* minerals in this locality, its particular character 

seems not likely to be s'<mi explained. !;•, sr.rfa'*e is s'l ;\\n to b.' 

somewhat un"vcn bv the (litl'e:enL.'e ''n <lei)lh at w'^eh it is stru k 

in well lx;rings. 'I'lie deconiposed eliar<'ieter of the rock removed 

from such wells ^Imus t'lat the elTeei ot' \ver't]">»'r:ni:. lh»..r;ri hd very 

accurate descri]iti-n of the nr.conftirniity between the (^Id gnniite 

and the muvh later <liale can b.' at | i\-'<en! .L;iven. was very great. 

The occurrence of white and green varicolored clay, from five t") 
fifty feet in de])th. an I in the de -p well at NFnorhea 1 10.") feet, over- 
lying the hard granite, indicating a dec<>;nposed and nnich changed 
condition of t'-e granite, shows that th.e gr'inite v/:^s \r,\v^ ex|;;'sed to 
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the action of atmospheric agencies before the surniergence of the old 
land surface and the depijsition of the Cretaceous sediments. 

That the Cretaceous sedhnents overlying the granite were also 
laid down in a shallow sea is shown by thin beds of coal encountered 
in the sandstone formation which overlies the granite, and which 
has been referred to the Dakota. 



THE WATER SUPPLY, 
iiv Daniel E. W'illard. 

Dependence Upon Wells. — The suutheastern portion of North Da- 
kota is intersL'cled bv the Red River of the North and several tribu- 
taries, each entrenched in a well defined channel. The larger of 
these streams are never dry, and the smaller only during very dry 
seasons, but owing to the generally level topography of the region 
their currents become very sluggish during the summer, and the wa- 
ter, which receives organic matter from the banks along their 
courses, is therefore ni)t suitable for household purposes without fil- 
tering and boiling. It is, however, used for stock by those farm- 
ers whose buildings are situated near the banks of the streams. The 
Red River of the North is the source of the general supply for the 
cities of Fargo and Moorhead for street sprinkling, lawns, fire pro- 
tection and laundry purposes, not however for culinary or general 
domestic purposes. The supply from streams which is wuthin prac- 
ticable reach of the inhabitants of this i)ortion of the state for any 
|>uri)ose is limited to the comi)aratively few who live near the banks 
of the larger streams. l>y far the greater number of tlie inhabitants 
are so situated that a wattr suj:i)ly from any stream is impracticable, 
and the dependence is ui)on wells. The Red River of the North. 
with its principal tributaries, the Sheyenne, the Wild Rice and the 
Maple, arc tlie only perennial streams, and but few coulees intersect 
the int< rvening lands. Outside the cities of Fargo and Moorhead 
l)rol)abIy fully nine-tenths of the population is dependent upon wells 
for a water supply for all purposes, while not more than one-tenth 
could witliout great lal)or and inconvenience obtain their farm water 
su])ply from streams. 

Sprbv^s.—'Vhv occurrence of sj^rings within the level bottom of 
the Red River valley is extremely rare. The water seeping under 
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tlie heavy lacustrine clays from the regions along the borders of the 
valley are effectually held down by the impervious clay, so that what 
would otherwise break forth as springs is now held in confinement, 
furnishing water for the tubular and Pleistocene artesian wells, where 
the restraining clay is penetrated in drilling. As the river valleys 
become deeper by erosion, springs break forth from the banks bound- 
ing the valleys, the waters being conveyed to the surface along the 
horizomal layer of porous gravel and sand. Such springs now ex- 
ist in the deep valleys of the Red River of the North, and in the 
deep valley of the Sheyenne before it debouches upi^n the level plain 
of the Ix^ttom of Lake Agassiz above its own delta. S])riiigs occur 
upon the level plain of the Red River valley, sometimes due to the 
hydrostatic pressure from the surface waters pcnctratinj*- the ji^Tound 
upon higher land, which causes the soil water table to rise to the 
surface of the ground. A notable instance of this kind occurs along 
the front of the Sheyenne delta where crossed by the Fargo & 
Southwestern branch of the Northern Pacific railway at Woods 
station. Here a springy tract is caused by the waters which soak 
into the sandy soil of the Sheyenne delta and rise to the surface a 
few miles east upon the level plain which borders the delta. 

^^'ells. — ^The conditions upon this area therefore render the prob- 
lem of an adequate water supply from wells one of the greatest im- 
I^rtance, since the sole dependence for the great majority of farm 
residents, as well as those living in towns, for a supply for all pur- 
poses, must be from this source, save only tliat which can be caught 
^Pon the roofs of buildings and stored in cisterns (an amoinit barely 
sufficient for strictly househ<.)l(l ]niri)oses). The snpj^ly tor drinkin;j^ 
'^^^ culinary purposes for the cities of Far^o and Moorhead is do- 
^^'od from deep wells. Nature has, however, dealt Ixninii fully in >iii)- 
Plyinjr water from wells. While nearly the entire water supply, as 
nas been shown, must l.)e derive<l from wells. r)ver considerable areas 
"Owing wells can be obtained from shallow depths, and upon the 
^'hole district an inexhaustible supf)ly of fairly good water can be 
^^^ained with but little lift in inimping. 

The wells of this repon niay lu- |n^n»nped into four classes: fa) 

;- 'fallow surface or seejiaL^e wells ; i h ) (U-e])er Ixired or tnhnlar wells, 

^^ Which the water rises due to pressure from a head; (c) artesian 

^Hs deriving their water sui)ply from sand and gravel beds in the 
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drift, called Pleistocene artesian wells, and (d) artesian wells deriv- 
ing their water supply from the Dakota sandstone. 

There are comparatively few wells of the first class, and they are 
of little interest either from a geological or an economic stand|X>int. 
Thoy are of interest as showing the height of the soil water table, 
and the fluctuations in its level during seasonal changes. The 
water in such wells is often strongly alkaline and unfit for any do- 
mestic use. The waters of the shallow wells, however, diflfer greatly 
in quality even in wells separated by very short distances and differ- 
ing but little in dq^th. This circumstance shows tlu* variability of 
structure and character of the deposits from the melting ice sheet 
which constitute the bottom of the ancient Lake Agassiz. Frequently 
dug wells furnish water which is of good quality from a digging 
having a gravelly bottom. When however the water is. derived from 
a vein which contains a mixture of clav the water is verv likelv to 
be of a very strongly alkaline character and may contain other un- 
pleasant or injurious impurities. Tlie examination of waters from 
wells having clay lK>ttoms indicates that the sediments deposited 
upon the bottom of glacial Lake Agassiz contained alkaline and other 
substances which render the water impure. 

Two exci'plions to the general conditions regarding surface wells 
are worthy of note. Th?se are in the depth and character of the 
water c)f the wells on the sanely area of the Maple rilge. which 
traverses the course of the ^Majyle river in Cass county, and in the 
wells on thi^ Sheyenno delti plain in Richland. Cass and Ransom 
counties. 

I'pon these sandy tracts surf:ice wells from twelve to twenty-six 
feet deep occur, furnishing inexhaustible supplies of water of very 
excellent ciuality. The water is usually contained in sand or fine 
gravel. an<l is commonly soft, and is perhaps the most nearly pure 
of any water in this portion of the state. 

11iese conditions arc explained by the sand (lo|K)sits which act 
both as reservoirs and filters fi)r the waters which fall upon the sur- 
face as rain and snr)\v. The clay which imderlies the beach sand 
serves as a disli to ]:revent the percolation of the water to lower 
depths, and the general surface is so free from any drainage slope 
that the water is ludd in the sand reservoir of the beach. Similarly 
on the delta plain clayey layers occur in the (le]>osit sufficient to 
make the downward percolation of the waters slow. The sands both 
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f the beach and the delta were effectually washed by the waters 
o f the lake during the time of their dqx)sition, and thus were rinsed 
<r>f the soluble salts such as impregnate the drift and lacustrine depos- 
i t s generally. 

lubnlar IVcUs, — Tubular wells are conunon over nearly all i)arts 
€T>£ southeastern North Dakota, and furnish probably three- fourths 
<-_> t all the water used by the inhabitants for all purposes. By a tubu- 
1 SLT well is meant one made by baring with an auger, tulx's thus made 
T- Ringing in diameter from two to thirty inches. Frequently, how- 
^iX'cT, a digging is macle with a spade to a depth of twelve to thirty 
f c^ot, and then an auger is used to penetrate deeper till the water 
t:>c*^iring vein is reached. 

'l^ulnilar wells range in depth from twenty to 200 feet, and the 
xx-*:it:or often rises to within two to eight feet of the surface of the 
gX"T'<^^imd, and sometimes stands even with the surface. A general- 
ize^* cl section of a boring for a tubular well would show black soil 
f r<_>ni two to eight feet from the surface. ft)llowe(l by stratified dark 
silt layers to a depth of thirty to seventy feet, and below boulder 
clsLN' or till. The bottom of the drift is generally reached at dej)ths 
i^ot exceeding 200 feet from the surface, though the horizon between 
tHo drift and the shale cannot always be clearly distinguished owing 
to the similaritv between the boulder clay and the shale-clav. 

Sometimes the tubular wells derive their water supply from lay- 
ers of sand in the lacustrine deposits, sometimes from gravel and 
sanc.l at the horizon between the lacustrine silt and the till, sometimes 
^^ grravel and sand strata in the till, an<l again the vein may be struck 
^t tlie bottom of the drift, while not infrequently the driller reports 
pcrnotrating the "soapst^-nc." the drilk-rs' term for the C.Vetaceous 
&Ha.lc-clay, before any water bearing vein of snftieient amount is 
'Struck. ^ 

T^rom whatever horizon the water is dt-rivcMl. liDwrvrr, the same 
S'^ncral conditions ])rfvail (k'tcrniiniiig the bolKivior of the water, 
"^'^Z-, a con"t|)act and imjifrnK-ablv* layer or bed o\ clay overlying the 
'^^sitcr bearing stratum, no sijL::n <.»f water a])]>earing until the l)ottom 
^^ this clay is reached. The water rushes up the tube often with 
considerable force, antl it is rei)orted on L^ood authority, in wells in 
"^"^"hich^a digging had first been made and a hand auger used for the 
^^eper boring, that it is sometimes with ditTiculty that the well digger 
^s 3.1)16 to avoid being drowned before he could be lifted out of the 
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well. The supply of water is practically inexhaustible, it often be- 
ing impossible to lower the water in the tube or digging to am 
appreciable extent even with the use of a wind mill or steam pump. 
Sometimes the water can be lowered appreciably by pumping, the 
water resuming its original height in the well within a short time 
after pumping ceases. 

Pleistocene Artesian Wells, — It will be observed that the differ- 
ence between the so-called "tubular*' wells, in which the water rises 
nearly or quite to the surface of the ground, but does not actually 
flow, and an artesian well of the Pleistocene class, in which the wa- 
ter flows over the top of the tubing, is one of difference in the lifting 
pressure or head merely. Every gradation in head can be seen in 
the wells in this region, from those in which there is very little ris- 
ing of the water in the tube but into which the water enters very 
readily, through the different heights to which the water is elevated 
in the tube to the flowing well in which there is a flow sustained by 
good pressure. 

In the northern part of Cass county flowing wells are obtained 
at depths ranging from forty to 200 feet. There are also a few 
wells in the southwestern portion of Cass county in Davenport and 
Leonard townships, belonging to this class which range in depth 
from thirty to 175 feet. These wells do not flow with strong pres- 
sure, and the flow is subject to weakening. Such wells in some cases 
have ceased to flow entirely and have to be pumped. It is likely 
that in many cases the cessation has been due to faulty construc- 
tion in the well tubing or ^ to infiltration of sand, and not to any 
real loss of pressure due tQ,thc head. 

A well in section 28, Davenport township, at a deptli of eighty 
feet, yielded a strong flow of nearly 1,000 barrels when first drilled. 
Two wells in the northern part of the same section are respectively 
eighty-seven and 120 feet, lx:)tli of these yielding only light flows. 
One of these, that at eif::hty feet, has ceased to flow and requires to 
be pumped. Another in the soiitlieast corner of section 20 
yields a small flow, and also one at 11:5 feet in section 34, 
a small stream. In seetinn 11. Leonard township, a light flow' 
was o])taine(l from a depth f»f lOj tVet, and in section 3 one at 
17."> feet, a qnite vi<2:orous flow was at first obtained, but soon became 
very li^ht, furnishinf^f an amount barely snfficiont to supply the 
honseliolcl and farm demands. 
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These wells vary not only in the depth at which water is obtained, 
but also in the quality of water. In most cases the water is of fairly 
good quality for general purposes, and is not infrequently soft and 
suitable for laundry purposes. In none of these wells is there the 
characteristic saltiness which is uniformly present in the deeper 
artesian wells in which the supply is obtained from the Dakota sand- 
stone. Shallow artesian wells also occur at a few places in Buf- 
falo township, Cass county. 

The Source of the Water. — The source of the water in these shal- 
low flowing wells, like that of a great number of tubular wells in 
the district, is in beds of glacial gravel and sand. The great varia- 
tion in the depth of these wells within short distances indicate that 
the veins which are the sources of the water are not onlv of differ- 
ent depths, but that these lie in comparatively narrow zones or belts, 
rather than in broad, widely extended sheets. A variation in depth 
between forty and 134 feet within a distance of less than two miles 
in the area (>t llowing wells in southeastern Cass county : three 
flowing wells having depths of 100, 125 and 115 feet, all within the 
area of one section in Spring Prairie township, Cass county, indi- 
cate distinct and separate reservoirs from which the water supply 
is derived in each case. Similar figures showing marked variation 
in the depths of the water veins in tubular wells where the water 
in each case rises within a few feet of the surface of the ground, but 
does not flow, are similarly explained. Four wells in section 34, 
Elm wood township, are respectively 90. 110, 117 and 201 feet in 
depth, and the water rises respectively to within four, nine, ten 
and sixteen feet of the top of the ground. Similar diversities in 
depth characterize the whole area. 

It has frequently been observed that in the excavation or boring 
for a second well within a few rods or even a few feet from one 
which had furnished an abundance of water, but which had choked 
with sand or otherwise become disused, a thinner gravel or sand 
vein was encountered at about the same depth as the water bearing 
vein in the first well, hut no water or but a scant supply was obtained. 
Sometimes no trace of such a vein as that which yielded the 
water in the first well was found in the second Ixiring. It seems, 
therefore, that the gravel or sand veins are not continuous over large 
areas, and that they thin rapidly and cease altogether. It would 
seem, however, from the ahun<lant supply of water and the strong 
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head in most of the tubular wells, and the Pleistocene artesian wells, 
that the veins extend for considerable distances along some line of 
direction. 

The higher lands outside the limits of the Red River valley where 
frequent sandy and gravelly tracts occur, and where the surface 
drift is often loose and porous in texture, furnish a suitable gather- 
ing ground. Here the water falling as rain penetrates tlie porous 
soil and is conducted through the gravel beds to the lower levels. 
The prcglacial valley in which Lake Agassiz existed formed a basin 
or trough in which the glacial materials were deposited from the 
ice sheet, and it is thus that porous tracts of gravel and sand may 
be so placed as to afford conduits or underground channels to con- 
vey the water which penetrated the grounds upon the higher lands 
outside the valley to the lower levels beneath the surface of the lake 
floor. The compact and impenetrable clay above and below the por- 
ous sandy or gravelly layers serves to effectually prevent the disper- 
sion of the waters, and thus when a vertical boring from the level 
lake floor penetrates through the compact clay into the saturated 
sands and gravels the water in these layers immediately rises in 
response to the simple hydrostatic principle. 

Some borings are recorded which penetrate to the bed rock, and 
no considerable amount of water was obtained. This is explained 
l)v the narrow areal extent of the water bearing layers, such borings 
having penetrated no veins of gravel or sand of such extent as to 
contain any large amount of water. 

Ji'cJIs of the Dakota Artesian Basin. — The western two-thirds of 
the Cassclton quadrangle lies within the Dakota artesian basin. On 
this part of the quadrangle strong flows are obtained at depths rang- 
ing from 250 to more than ."SOO feet. The water is obtained in all 
cases from a fine-grained sand of loose texture. It is generally con- 
ceded that tile formation from which the water is obtained is the 
Dakota formation. 

The water in these wells is generally salt anrl not suitable for irri- 
gation purposes, though it is not found to have any injurious effects 
u])on animals that drink it, and it is (juite agreeable to the taste after 
it has become habitual. The water is often not as hard as that 
olHained from the more shallow IMeistocenc flowing wells, or the 
tubular wells. 
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The wells vary considerably in depth. This seems to be due to 
the cxrcurrence of alternating layers of sandstone and shale, in some 
cases a sufficient flow being obtaineil in the first sand, and in other 
cases the second sand layer being penetrated, and not infrequently 
more than one water bearing vein is struck in the same lx)ring. 

In section 10, Walburg township, Cass county, two flowing wells 
alx>ut forty rods apart arc respectively '^^i.") and 14<) feet in dq)th. 
Four miles north, in section *i<), (lill township, water was obtained 
first at M'2 feet, but insutYicient in amount, and another flow in the 
same lK">ring was struck at -lO.") feet. 

In section 3'^, Anienia township, Cass county, two flowing wells 
one- fourth mile ai)art are rcs;:ectively o.")0 and loO feet deep. Five 
miles southeast, in section '.M, CassclbMi townshij), two veins from 
which water flows over die surface of the ground were struck at 300 
and 42^) feet respectively. Tn the southeastern part of Walburg 
township, within a radius of rme mile, occur Ave flowing wells at 
depths respectively of *210. J 14. i:iO, 431 and i(iO feet. 

The granite bed rock has been struck in four places near the 
eastern edge of the Casselton quadrangle, at depths of 411, 4G0, 470, 
and 4'i5 feet respectively, and very little water, or none at all, was 
obtained. The records of these borings so far as obtainable do not 
show the occurrence of the characteristic water bearing Dakota 
sandstone. 

The pressure of the wells of the Dakota artesian class increases 
toward the west in this district. In the zone of the shallower wells 
of this class, those having depths ranging from ::^0() to .*>(.») feet, the 
pressure is nr>t great, anil the water is generally not al.>le to be con- 
ducted more than Ave t)r six feet above the surface of the ground. 
As the (k^tli at which the water is obtained becomes greater toward 
the west, the pressure of the water becomes greater. In ab()Ut the 
center of the Casseltnn rjuadrangle is a zone in which the calcu- 
lated height to which the water might be carried, as determined from 
the well pressures, is I.OOO feet alxn'c sea level, or about flfteen to 
twentv feet above tin* surface of the uround. The Ijion-f.jot c*Hitour 
traverses nearly centrally tlur z<)iie of wells of .*)0(i to 4no feet in 
depth. Another contour line rejiresenting a height of 1.100 feet 
al)Ovc sea level traverses nearly midway the zone of wells of 100 
to 500 feet in dei)th. and lies about five to six miles west of and 
nearly parallel with the l.Ooo-foot contour. The height of the land 
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surface above sea level in this zone averages about 1,060 feet, giving 
a lift of the water above the surface of approximately fifty feet. 
From three to five miles west of this contour is another marking the 
1,200-foot elevation above sea level, this contour traversing the ter- 
ritory which lies adjacent to the Red River valley, but beyond the 
area covered by the waters of Lake Agassiz. This contour in a gen- 
eral way runs parallel with the 1,100- foot and the 1,000-foot con- 
tours. The calculated height to which the well pressure would 
carry water in this region is from fifty to nearly 100 feet above the 
surface of the ground. 



THE WATER SUPPLY OF THE TOWER QUADRANGLE. 

By H. V. HiBBARD. 

Description of the Area, — The region included under the present 
discussion is approximately twenty-four miles wide and thirty-five 
miles long, its greater extent being from north to south. The north- 
ern boundary* is about five miles north of and parallel with the 
Northern Pacific railway between TUiflfalo and Valley City. The 
western boundary runs through V^alley City and follows nearly the 
course of the Shevennc vallev southward. The southern lx)undarv 
runs east and west about one and one-half miles south of Fort Ran- 
sonL 

A part of each of three counties make up the area of the Tower 
quadrangle. A portion of the northern part of Ransom county oc- 
cupies the southern one-fourth of the quadrangle. The eastern third 
of the remainder is the southwest corner of Cass county. The south- 
east corner of P>arnes county fills out the rest of the area. 

The JVater Resources. — As a fact of general interest under this 
subject it may be stated that since the annual rainfall is about twenty 
inchc«5, and llie rate of evaporation fur tlic same time is about twenty- 
fivo inches, the only available supply of water, except that from 
artesian wells, is that which soaks into the earth and is retained in 
reservoirs of porous sand and gravel. 

In consid'jring the surface waters mention should be made of the 
streams lK)th intermittent and constant, the lakes, undrained sloughs 
and ponds and springs. 

(.)nly one of the valleys or watercourses noted above bears a per- 
ennial stream, and that is the Shevenne valley. 
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The Sheyenne river is a sluggish stream with many windings in 
the flood plain of its valley, about twenty feet wide, from a few 
inches to three or four feet deep, with steep mud banks, and flowing 
with a fall of one and one-third feet per mile. From Valley City 
south to Oakville it flows through a shale or gumlx) region, having 
trees and shrubs only bordering its immediate banks. From Oak- 
ville to Fort Ransom and below the tree vegetation spreads farther 
out over the flats adjoining the river, and up the steep sides of the 
valley and penetrating the coulees but leaving off abruptly before 
reaching the prairie laud beyond. During the rainy season this quiet 
river becomes quite a torrent sweeping across the intervening points 
between the bends but never reaching the secunrl flats or cultivated 
bottoms above. 

The ^laple rivcT is an interniittont stream. Its valley is dry 
throughout the greater part of the year except for sloughs and 
ponds of stagnant water which occur at intervals along its course. 

Springs. — Springs occur along the valley of the Maple river and 
the Sheyenne and their tributary coulees. Usually the water from 
this source is usable, lx?ing free from alkaline and saline salts w^hich 
contaminate the water from many shallow wells. Considering the 
living springs and those which may be imcovered by a little excava- 
tion this source of water supply is important, especially in the 
Sheyenne valley in the southwestern part of the quadrangle. A 
spring is merely a leak or emergence of the underground 
waters back to the surface. The general conditions necessary, 
therefore, for the development anl maintenance of a spring are a 
sufficiently large gathering area, a subterranean reservoir consisting 
of a sufficiently ])orous and extensive stratum which outcn>i)s in the 
surface or is connected with it by means of an impervious layer 
along which the water may flow. 

The gathering area in this instance is the upland prairie bordering 
the Sheyenne or Maple rivers. The mixture of clay, sand, gravel 
and boulders, the so calle<l drift, «>verlies the bed ruck of shale of 
this region to a depth of al> ait H»n fret. 1'lirr)iinh()nt this drift, sand 
and gravel strata, and e<]>eeially the terracetl or >helf like ileposits on 
the valley sides, (»ccur. These then fin-nish am])le sU^rc Piom for the 
collection of rainfall, and the imj)LM*vious clay (^f the same drift or 
the shales beneath provide a floor for retaining the water and along 
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which they find their way to the outcrop on hill side or valley 
slope. 

Sloughs and Ponds. — ^The landscape features which impress 
themselves upon the notice of the wayfaring man especially during 
the wet reason arc the ponds, sloughs and marshes. They arc 
evervwhere. Even in the immediate vicinitv of the water courses 
they crowd up to the very banks. Here indeed one would expect 
the stream to turn aside or send a healing tributary back into and 
drain the ponds near by. But as before mentioned the valleys seem 
to be laid out without any reference whatever to the task of carry- 
ing away the surplus surface waters. As a matter of fact there are 
no modern or recentlv formed channels. The vallevs and water- 
courses here formed were proiluced by the water flowing from a 
great sheet of melting ice which once overspread the entire prairie 
during the period in geological history known as the Ice Age. 

As the dry season advances these surface waters rapidly waste 
away l)y evaporation. Only the deeper depressions retain a 
permanent supply ; those whose depths reach below the permanent 
subterranean water level. 

Subterranean JTatcr. — The wells of this quadrangle, although 
varying greatly in depth, obtain their water supply from three 
different horizons corresponding to the rock structure underlying 
the region. The bed rock consists of shale or what is variously 
called "slate." **sc)a])stone" or "hard pan." -It is a clay formation, 
white or dark blue in color, and of fine texture and arranged in 
horizontal layers. Overlying this slate is a mantle or covering of 
what is called **drift," a mixture of clay. sand, gravel and large 
stones. The thickness of this mantle n^k varies from a few inches 
to 1.^)0 feet. Over by far the great^T part of the region the drift 
may average eighty feet in thickness. The greater numl^n* of wells 
reach water before penetrating this drift formation. The second 
water horizon lies in the shale (»r slate sti^ne beneath the drift. The 
third horizon is that from which the artesian water is obtained and 
lies at a depth of from iOO to (Jno foet. 

In considering the wells of the first horizon, or those which do 
not ])enetrale the drift and enter the shale below, ouc finds great 
variation in the composition and arrangement oi the components of 
the rock mantle i)assed through in onk-r to reach water. Although 
this lack of definite order jjrevails a few general statements may be 
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made that hold good when a large number of well records are ex- 
amined. As much as 7.") jxt cent of the mantle rock of the eighty to 
100 feet before noted is clay made up of the varieties yellow, blue 
and stony, but not generally hard or very tenaceous, there being a 
sufficiently large constituent i)f sand intermingled Id make it light or 
easily worked. The remaining :i^i per cent is made up of sand, 
quicksand and gravel. This is distributed through the clay in 
lenticular masses and layers varying from a few inches to several 
feet in thickness. This stratification of the lighter materials of the 
drift mantle though not generally horizontal in position arc never 
pitched at very high angles. Where these layers of sand and gravel 
have considerable extent and thickness the more copious and better 
qualities of water are found. In general the following arrange- 
ment seems t )]x- met with uuiler average c nilitions : First ten to forty 
feet yellow stony clay with interspersed strata of sandy or gravelly 
composition, then blue clay also containing sand and gravel pre- 
vails until the iK'd roi'k or slate is reached. \\'hile this arrange- 
ment holds fairly good throughout the greater part of the quad- 
rangle a few notable exceptions should be mentioned. These arc 
the valleys and coulees of the ^Maple and Sheyenne rivers, the bluffs 
of the Sheyenne from X'alley City to Oakville and the "Sand 
Prairie" region of Rear (Yeek and Oakville townships. In the Maple 
and its branches coarse sjmd and gravel with very little clay is found 
generally through the u])PlT ten to thirty fe-jt. Sanrl Prairie 
wells almost never penetrate clav but show stratified la vers of 
coarse and fine sand. The water supply of the Sheyenne valley 
above noted Ix-longs to the second water bearing or shale horizon, 
there being no mantle of drift material in that area. The quality of 
the water derived fro^m this ui)i)er or drift horizon is variable, that 
from shallow wells, is freciuently m«>re or less alkaline, beinj^ ob- 
tained from surface wash or catchment basins ai slight dejuh where 
alkaline salts have been hulj^^cd by uj^wanl seejKige and subse- 
quent evaporation of scmI water. Water derived fmm the (U';*por 
wells in the blue clay, and especially those that reach the bottom of 
the drift near the nnderlying shale format i(ni. are also liable t > 
contamination from alkaline minerals. In ireneral the best water 
especially for household use is that found at intermediate depths 
in the yellow clay or extensive sand and gravel layers. Regarding 
the distribution of the wells of the drift mantle over the eastern 
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three-fourths of the quadrangle a fairly constant relation holds be- 
tween the depth of the wells and the topography. 

Two ranges of townships, 55 and 5G west, those through which 
the Maple river flows, and the range adjoining on the west, may 
be considered as a zone of shallow wells. The average depth to an 
abundant water supply here lies between 30 to GO feet. On the 
Alta ridge, range 57 west, the average depth of wells is about three 
times as great. A narrow strip along the eastern side, as far south 
as Eldred township, contains wells at considerable depths when 
compared with the Maple region inmiediately west. Continuing 
southward into Highland and Sheldon townships, good water but 
not an abundant supply for stock purposes, is found at slight depth 
of 20 to 40 feet. Another region of shallow wells, good and abundant 
water, is Sand Prairie in I3car Creek township. As before men- 
'tioncd stratified sand and gravel constitute the structure to a depth 
of 40 to GO feet. Being nearly surrounded by higher land, a large 
catchment area insures abundant supply, while the sand and gravel 
affords an extensive reservoir uncontaminatcd by any impurities. 
Not a few wells seven feet in depth sup]3ly good and abundant water. 

In the clay region adjoining between Sand Prairie and Fort Ran- 
som, water is reached with greater difficulty, and the supply and 
quality is somewhat uncertain. 

From section 3, Oakville tnwnship, northward to \"alley City in 
the vicinity of the Sheyennc, the quality of the water in general is 
distinctly and decidedly bad. Water here, either from shallow or 
deep wells, all in the shale rock, is charged more or less with salty 
and alkaline substances. For cattle and horses this water is available, 
but the human being not inured to such potions would best remain 
thirsty. 

Tn the neightorliood of \'allcy City, northward four miles and 
eastward to the slope of Alta ridj^e, good water and an abundant 
supply is found from 2.*) to .""jO feet in depth. The surface is a sandy 
loam underlaid bv :35 feet of voHow clav. then follows blue clav with 
interbetldcd s.inJ. 

Regarding the water supi)ly fn.>m what here has been called the 
second c)r shale horizon, little need be* said. I'sually water found 
under such conditions is scanty and not suitable for general use. It 
is surcharged with alkali and salt derived from the shale. A fair 
type of well in this horizon is one in Norman township. 138 N., R. 
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57 W., where the drill entered shale at a depth of 150 feet and the 
well was continued to a depth of 250 feet. Here a very slight 
amount of water was found and of bitter and alkaline taste. 

Artesian Basin. — Throughout the eastern half of the quadrangle 
artesian water has been reached at a depth of from 400 to 600 feet. 
So far as present indications go it is safe to say that the artesian 
water yielding stratum lies at about the above depths under the en- 
tire area. Artesian wells arc needed especially in the northern part 
of the quadrangle, and could doubtless be obtained if borings were 
made to the proper depth. 

The quality of the artesian water so far obtained is fairly constant. 
The temperature is considerably higher than that of the shallow 
wells. It always contains the mineral conipnunrls of salt, magnesia, 
alkalies, iron and sulphur, and these generally in snfticient quantity 
to impart a distinct taste to the water. 
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Reference * ' Quarter 



See '*»*■ *^' 
'^^*^- Range 



Township 



Paee 65. 

PaKe 64 . 

l*aKe o5. 
Pajje 6.'). 



Pape 6r>, 
Paife 6«">. 



N\V 
N\V 



SW 



Page 66. 

Page 66. 
PaKc 66. 
Page 66. 

Page 66. 
Paue 66. 



Pawe 6S. 

Paj:e6fl. 

J'afie 70. 

Pa^re 70. 

PaKe 70. 
l*aire 71. 
Pajre 71. 



S\V 



River bottom 
Syiof SE 

E>iof N\V .. 
N\V 




Pace 71 ! SK 

Pa«e7:i I S\V 



Pate 7S 



SK 



Page 74 SF-I 



Oi2. 4.-). 



NK.. 
S K. . . 



t n'l . 4o ; K'... 

( »ii{ I SW 

C <-S NK, 



('70 



C7l 

C tlO 

I) 4. .")1. 



I^^^') 



SW. 
SK. . 
SW . 
N\V. 
K' .. 
S K. . 

NI-: 

SK.. 



19 
12 

21 

16 

22 
21 



]S6,57 
135, Til 



Preston.. 
Sprinfirer 



140, 5» ' Valley 
140, aK I Valley, 



140. W : Valie 



1 4U, 'i6 



X'alley 



21 I 140, r>8 I N'alley 



22 I 139, SK Xoname 

34 I 1J<9, W ! No name 

35 , 139,58 , No name 



22 i 140,58 I Valley.. 
18 ' 1»8.57 ' Norman 



I 



30 ! 138.57 



10 
6 



139, 57 
138,57 



18 I J3H,57 



2« ' 139.57 

II ' i:v<.58 

4 136,55 

I 
4 i 130,55 
34 ! 189,55 



Norman 
Ciil»a ... 
Norman 
Norman 



Cuba 

No name, near Daly, 
Liberty 



Liberty 

riiii... 



2H I 188, 55 I Clinton 



n 



137,56 ! Rarilon 



24 
24 
25 



.1 I . .) I 

137,57 
137..-)« 
30 I 1M.'A\ 



, I 



Thorden.skiohl.. 
'rhorden^Jkiolil.. 
Tbonlen^kjoM.. 

kariton 

K.iritdn 



SK I 34 I 131.57 



'riior«len*<kjoIil. 



I 



NK ' 

I SW ' 



26 

.H3 

2*5 

2»i 
•>•> 

U 
14 

«> 

4 

X 

17 

5 



j I 



i:*7.5T 
i:^..Vi 
13-*. .')»» 
i:«. :>6 

i:«'.5«-. 
13^5l> 

i:is..-.t5 

13H.,-,rt 

i:sH.55 
139. 55 



Tlionleii^kioM, 

( lini<in 

llinuhampion.. 
Iiink.')ianiptMn.. 
Hin^'iiainptMii. . 
Itinuhaiiipton. 
I'.in^'hanipton.. 



I'iini^hanipton. 
iiin^hanipton. 
Iiinchaiiiplon. 

Clintwn 

(Union 



Depth 



18 

33 

30 
50 

23 
45 



50 

28 

40 

4 

14 
176 



250 
107 

oO 
120 

90 



27 



470 
56U 

19 



749 



64 I 

70 

57 

72 

t8 



si 



Height of 
Water 



10 

16 

10 
15 

18 

25 



25 



Klows 
10 



18 



Flows 
Flows 

10 



Flows 



«5 1 


40 


31 


10 


15 , 


5 


15 , 


6 


•>*• ■ ■ ■ 




23 1 


t 


42 ... 




41 1 


19 1 


33 


15 


SO 


17 


33 ... 





.50 



* Ri'tcrenrc-i are to p-.iires an I piragraphs in Fieli.l Note I'.ooks. 



HE TOWEk QtrAURANCiLE 



TOWER Ql."ADRAX(;Lr. 
Hibturdand Daniel P.. Willnril.l 



jciilt.Sii. vclluw c1a>; :n ' 



. I Thi< i<^ 30 (1. :,1nic river 



Nt,^ .^... 


^;; ,,,,.. , , ,,|^„. 


Plcniy 


! h'lik IB f{!Tolii'w 'eby: 
120 cl»y. drill. iusViiito 

9oVdrifM,.'.iiak'':::::::: 






i'letit, 


'';;irv':r-/il%7..i£.';:l"ci'^>^ 


l.«li?bhi,Vp«;!aV 


Kof k ri'dM-'l n.i u.-Ki 










Kk 




Scint 


'■"•''"'■ ■'■■■'■■'■■"'■■ 


a::::;:::::;: 

Stut 


rr"v.T,'";".V,"'„„ 
.;ra>;i«n,r.;u!Vk:.n.i:„ 


Pfc«.y 




Mcniy 


Sa...li,".U-r;,x.!, 











■■Kin.iri..| Shall.-- 





vrl 










l>o«) drift 


IW 


It. 


nianllc he 




ver 






-i. 














prmuK in t 


hi> 


«- 


n.Iftlin in 


M 


Pi, 



C'lulti^ ol Mapir 
Mt'.iiirr ri-o.nl; n<> 



PImy... 

Plcnly . . . 



160 



AGRICULTURAL COLLEGE SURVEY OF NORTH DAKOTA 



WELL RECORDS OF THE 



Reference 



' o 



Quarter ; Sec. 



1792 



El. 68. 
E2. ... 
E9. 70. 



E15, 71. 



E17. 72. 



E-'4. 78. 
73. 
E27. 74. 
EM. 74. 
E81.... 
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E34.... 
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Page 74. 



Page 88. 



Page 25. B. 23 
Page 26. 1). 25 



Page 26. B. 26 
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Page 31. B. 40 
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TOWER QUADRANGLE— Continued 
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Reference 



Page 41. 11.57 
PaBe41. B. 5H 
Paae 43. U . 59 



A52. 

B»2. 
B32. 
A29. 
A3J8. 
A64. 
A66. 



Al . 
A13. 
AH. 
A16. 



BIM 

Page 49. 

Page 49. 

Page 49. 

Page 49. 

Page 58. 



Page 58. 
Page 58. 

PagcTiS. 
Page 59. 

Page 59. 



Page 60. 
Page 60. 

Page 60. 
Page 60. 

Page 60. 

Page 61. 

Page 61. 
Page6i. 
Page 62. 

Page 55. 
Page 55. 



Page 56. 
Page 57. 
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NE. 

NW. 
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NW. 
S\V . 
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NW 
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SE. 
E», 
SE. 
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NW 
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NW 
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Pages ' SE.. 



8 

9 

32 
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32 

19 

4 
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29 
34 
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11 
15 
13 



4 

8 
12 



2 



5 



8 
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14 

14 
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3 
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12 
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6 
5 
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13:», W 
135,58 

140. 35 

137. .'>4 
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140.56 
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141.54 



110.55 
140.55 
140. .V 
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137. 54 
137.54 
135. 58 

135.55 

135.55 

135,57 



Ft. Ransom 
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Ft. Ransom 



Tower 



Highland 
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Ayr 
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Ft. Ransom. 
Ft. Ransom. 

Ft. Ransom. 
Springer 



Howes. 

Eldred. 
Eldred. 
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TOWER QUADRANGLE— Continued 
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THE WATER SUPPLY OF THE ECKELSON 

QUADRANGLE. 

By William H. Westergaard. 

The Eckelson quadrangle includes the region lying between 98 
degrees and 98 degrees 30 minutes west longitude and 47 degrees 
and 47 degrees 30 minutes north latitude. Its length is approxi- 
mately thirty-four and one-half miles in the north and south direc- 
tion, and its width twenty-four miles from east to west. Its 
northern boundary is approximately one and one-half miles north 
of the northern boundary of the tier of townships numbered 14(), or 
about five miles north of the main line of the Northern Pacific rail- 
road. The eastern boundary passes directly through Valley City, 
includes portions of the Sheyenne valley and passes Kathryn and 
Fort Ransom about three miles to the west. The southern bound- 
ary lies nine miles south of the Barnes and Ransom county lines, 
which is approximately nine and one-half miles south of LaMoure, 
and two and one-half miles south of Dickev. The western bound- 
ary crosses the main line of the Northern Pacific railroad one^half 
mile west of Spiritwood, and passes Dickey one and one-half miles 
to the west. 

The area included in the Eckelson quadrangle comprises por- 
tions of four counties, viz., Barnes, Stutsman, LaMoure and 
Ransom. The southwestern portion of Barnes county constitutes 
at least two-thirds of the northwestern portion of the quadrangle. 
Stutsman county is represented by a strip twenty-four miles long 
and three miles wide along its eastern border, LaMoure county by 
a portion from its northeastern corner twenty-two and one-half 
miles long and nine miles wide, and Ransom county by a small 
strip from its northern and western corner nine miles long and one 
and one-half miles wide. 

Water Resources. — The available water supply of any region 
may be classed as surface water supply and subterranean water 
supply. Under the head of surface water supply we may consider 
streams, lakes, sloughs, ponds and springs. Under the head of 
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subterranean water supply we may consider the water which is ob- 
tainable in wells by digging, boring or drilling. 

Subterranean Water, — In general the wells of the Eckelson quad- 
rangle obtain their water supply from three different horizons or 
water levels. With regard to these horizons we may gjoup the 
wells into three quite distinct classes. The first consists of the 
wells in which a water supply is obtained without penetrating the 
bed rock or shale. These are the shallow wells dug in the drift 
inaterial over or above the shale. The second class consists of those 
wells which penetrate the bed rock or shale. These are the deeper 
wells, which are usually bored to some water vein of sandv material 
in the shale. The third class consists of those wells known as 
artesian wells in which water is found under shale. These wells are 
drilled through the shale formations to a water bearing "sand rock" 
or sand stone. 

Wells Which Do Not Penetrate the Shale. — The chief source of 
a permanent water supply aside from the deep tubular and artesian 
wells consists of wells dug to water which soaks through the surface 
material to reservoirs of porous substances like sand or gravel. 
These are the ordinary dug wells which penetrate the drift to 
depths varying from ten to 125 feet, the average depth being from 
twenty to forty feet. 

The material in which these wells are dug consists of the 
''mantle" or top layer of material called "drift" which covers the 
bed rock or shale of this area to depths of from ten to 125 feet. 
This "drift" is a heterogeneous mixture consisting of what is com- 
monly called clay mixed with sand, gravel, and bowlders. The 
sand and gravel may be quite evenly or uniformly mixed with the 
clay or it may be found in layers or veins varying from a few inches 
to several feet in thickness. It may even be found in pockets and 
often in streaks running- throuo^h the clay. Usually the sand and 
gravel layers show a stratification of the finer material, the stratifi- 
cation tending to be horizontal though not necessarily so. These 
variations are due to the morainic origin of this drift material, it 
having been brought and left by the glaciers at the time known as 
the "Ice Age." 

In spite of the fact that these wells show such a wide variation in 
depth, material passed through, and in the supply and value of the 
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water obtained, a few general statements may be made. Clay con- 
stitutes at least three-fourths and perhaps four-fifths of the material. 
Wells dug where the surface features are markedly morainic are 
usually dug through more gravel and sand near the surface. The 
clay is also more stony, t. e,, more mixed with sand, gpravel and 
bowlders, and in general the chances are better for striking some 
water reservoir at a shallow depth. Wells dug in river benches are 
usually dug almost entirely in gravel and sand. The average well 
on the Eckelson quadrangle is dug from ten to forty feet in a 
whitish-yellow oxidized clay in which are interspersed a number of 
layers of sand and gravel commonly called water- veins. Beneath 
the yellow clay is found a harder, dark colored unoxidized clay 
called blue clay in which are also found a number of gravel and 
sand reservoirs called "water veins." This blue clay, sometimes 
very much mixed with sand and gravel, constitutes the material lying 
between the yellow clay and the "bed rock" or shale. From a 
study of numerous well records it would seem as though the sand 
and gravel water-veins were more numerous in the yellow clay than 
in the blue clay. Usually a water bearing stratum is struck between 
yellow and blue clay, the blue day forming a harder and more im- 
pervious layer than the yellow. If a good supply of water is not 
secured after penetrating the yellow clay a better supply can usually 
be obtained by going deeper into the blue clay. The water-vein 
in this case is usually quicksand, though it may be sand or gravel. 
A stratum of quicksand usually has a hard layer over it called 
"hard pan," consisting of a mixture of clay, sand and course gravel. 
The water often rises with considerable force when this "hard pan" 
layer is pierced, especially where the water bearing stratum is of 
considerable extent and thickness. 

The best kind of a well for general purposes is one dug in yel- 
low clay to a water- vein of sand or gravel. The water in this kind 
of a well is seldom under very high pressure, and does not rise to 
any considerable extent above the water-vein. Under these condi- 
tions no large quantity of water will be allowed to stand in the well 
and become contaminated or dissolve large quantities of the soluble 
salts from the material constituting the wall of the well. Water in 
very deep wells is usually bad, because a water-vein under high 
pressure is struck, and a large amount of water is allowed to stand 
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in the wdls and dissolve the alkalies and other soluble salts consti- 
tuting such a large amount of the soluble material of the clay walls. 

In the southwestern part of the Eckelson quadrangle is a region 
called "Sand Prairie" which constitutes the greater part of Bear 
Creek, southern Oakville, and northwestern Litchville townships, 
extending from there into the Tower sheet on the east. This 
region is very level land, and aj^pears to have been a lake bed in 
glacial time. The wells here are very shallow, being dug in strati- 
fied sand to a depth of from seven to twenty feet. The water is 
very good, but very slightly hard. The average depth of the sand 
is probably about thirty or forty feet. 

A small, sluggish intermittent stream called Bear creek winds its 
way from the Sand Prairie region southward to the James river. 
Good water in sufficient quantity is very hard to obtain in the region 
immediately west of Bear creek in eastern Litchville and southwest- 
cm Bear Creek townships. The reason for this scanty water supply 
is that the shale is found a few feet beneath the surface, and in this 
shale very few water bearing strata are found, and where found, 
usually yield water unsuited to general uses. 

In the vicinity of the city of Litchville, in southwestern Lincoln 
and northwestern Prairie townships, good water is hard to obtain. 
Wells are frequently dug to depths of sixty to 125 feet, but the sup- 
ply of water is scanty and usually of poor quality, being very hard 
and alkaline. No strong water bearing stratum is ordinarily found 
here in penetrating the drift to the shale or "slatestone" bed rock. 

In the region near to the James valley on either side, in Roscoe, 
southern Saratoga and southwestern Sheridan townships, good water 
of sufficient quantity is usually obtained by digging the well in some 
coulee or ravine having drainage into the James river. Usually a 
stratum of gravel or sand may be struck at quite shallow depths 
near the bottom of these coulees or "water-ways." In the higher 
land many wells have been dug to shale, but quite often very little 
water and of an inferior quality is obtained. 

The conditions immediately west of the Sheyenne valley are some- 
what similar to those adjoining the James valley. Water is hard to 
obtain on the high areas. Shale is struck before any water bear- 
ing stratum of much consequence is reached. 
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Another region where good water is obtained with difficulty is 
found in the eastern portion of township 40, range 61, in the 
vicinity of Eckelson, and west of Eckelson lake. A plentiful sup- 
ply of water can usually be obtained in deep wells, but it is usually 
very hard and alkaline. 

In southern Prairie and southwestern Litchville there are consider- 
able areas where water is obtained almost invariably in sufficient 
quantity in quicksand. Throughout the quadrangle there are numer- 
ous other localities of similar extent where water is obtained in 
quicksand, southern Spring Creek and northern Scandia being ex- 
amples. 

The region immediately surounding Sanborn, in central Potter 
and Marion, in northern Sheridan towships, are examples of lo- 
calities where good water is ordinarily obtained at depths of thirty to 
thirty-five feet. 

In the markedly morainic regions the wells vary most widely in 
character, but here wells of good water in abundant supply are nearly 
always obtainable if good judgment is exercised in selecting a lo- 
cality. 

There are a few wells in this quadrangle, usually bored wells, 
which have been sunk deep enough to penetrate the shale. In some 

of these strong water bearing strata have been struck, but usually 
the chances are that no satisfactory water supply can be obtained 
in this way, unless the wells are bored to a sufficient depth to pene- 
trate the artesian or Dakota sandstone. Water obtained in shale 
usually has a salty, disagreeable taste, being heavily laden with solu- 
ble salts. 

A number of artesian wells have been drilled in the territory be- 
tween Litchville and Ft. Ransom, at depths varying from 950 to 1,150 
feet. Some of these exert a pressure as high as seventy pounds 
per square inch at the surface of the ground, and furnish an abun- 
dance of water valuable for general purposes. It is safe to say that 
these artesian wells may be secured on any portion of the Eckelson 
quadrangle, although the pressure may be rather weak in the 
higher areas near the northern part of the quadrangle. 

Springs furnish a constant supply of good water from outcrops 
along the banks, and in ravines and coulees along the Sheyenne and 
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James valleys. These springs usually occur at some point where the 
valley has been cut into shale, the shale forming an impervious layer 
on which the water collects in sufficiently large quantities to escape 
as a spring. This is especially obvious in the Sheyenne valley. 
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20 ft yellow clay. 12 .ft hard blue. 25 ft. 
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Blue clay 



Hard 
Soft.. 
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Salty 
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cial slough. 
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Nearly level. 
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slough. 



Near edge of 
creek. 
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hill. 

High rolling 
prairie. 

On hill 
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Near slough . 



High, rolling 

H i g h fl a t- 
topped hill. 



Boulders numerous. 



Surroundings morainic. Water 
level in flat same. 



Claim shale was not struck until 
90 feet was reached. 



Considerable water in gravel and 
sand at 30 feet. 



Shale here between 45-60 feet. 



Shale here ajt 100 feet. 



Surrounding morainic 

Quicksand in well close by at 36 

feet. 
Shale in other well at 91 feet. 
Have dug as deep as 57 feet and 

found little water. 



Quicksand 12 ft. Blue clay under 
sand. 
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